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IN THIS ISSUE — Plaster Mock-Ups Simplify Bus Engineering 
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PLASTER MO‘ 
Reduce Engin 


BUS BODIES were once box-like structures 
ind did not have double curvature surfaces. 
It was relatively simple to visualize the ap- 
pearance of these designs and to produce 
the necessary layout drawings, because most 
of the surfaces were flat perspective draw- 
ings and artist’s renderings conveyed to the 
sales department and the prospective cus- 
tomer an exact picture of the proposed de 
sign. Also, it was comparatively easy for the 
production department to visualize the man 
ufacturing problems by merely studying the 
arrangement and detail drawings. 

When the demand for modern styling, 
with its rounded corners and double curva- 
tures, made it necessary to develop such de- 
signs at reasonable cost, the engineering de 
partment was faced with a number of vexing 
problems. To layout all of the double curva- 
tures and then attempt the production of an 
tist’s rendering from the basic design draw- 
ings, was not only time consuming and 
costly, but it was also difficult for the sales 
‘orce and the prospective customer to visual- 
ze what the finished product would look 
ike from all angles. Usually, further modi 
tations in the were demanded 
‘hereby necessitating additional engineering 
esign. It was also extremely unsatisfactory 
‘or the production department to attempt to 
make manufacturing cost estimates from the 
esign lavout. Finally, the number of units 
ber bus order is usually comparatively small, 
rarely ex¢ eeding one hundred. Hence, en- 
sneering costs must be kept relatively low. 

. Under the new method of developing the 
‘sign from plaster mock ups, the ACF-Brill 
Motor Company is not constrained by the 


design 
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limitations imposed by the older and more 
conservative method that formerly was fol 
lowed in the design of a bus body. With this 
new system, much of the time that was 
formerly spent in the design, engineering, 
and make-up of complicated layouts and 
drawings has been eliminated. The produc 
tion department was formerly required to 
make the necessary tools and fabricated parts 
to produce a pilot model to submit to com 
pany executives for inspection and criticism. 
Design and manufacturing executives were 
therefore unable to pass judgment on the 
design until much time and money had been 
spent for engineering drawings, tooling, and 
other pilot model costs. If design changes 
for better appearance or simplicity of manu 
facturing-were required, a considerable loss 
of time and money resulted, because of the 
necessary redesigning and retooling. 

As an example of the use of plaster mock 
ups and the manner in which they reduce 
engineering and tooling expense, consider 
the front end of a typical city transit coach. 
The design of this portion of the coach is 
primarily a problem in surface development, 
wherein the best form, both esthetically and 
functionally, is desired. In using the plaster 
mock-up technique, the primary basic lines 
are plotted by the designer. With these basic 


lines as the starting point, the mock-up is 
then developed as a full-size model that can 
be viewed, criticized and modified without 
entailing any great expense. this 
mock-up is sculptured in plaster on a wood 
form that spcifies the basic contour lines, de 
tailed double curvatures can readily be swept 


Because 


in as desired. Complex changes can be made 
simply by adding or chipping-off plaster and 
fairing the surfaces. 

When the full-scale mock-up has been 
finally developed and approved, it is then 
used, as will be described, in the economical 
manufacture of the Kirksite 
mock-up can also be used to 


dies The 
produce the 
layout drawings. 

After the body designer has made a scale 
development of the body surfaces and in 
vestigated the practicability of the artist’s 
conception with regard to the general pro 
portions, structure, and legal requirements 
of the bus body, he develops the full-size 
} contours. 


basic These contours are the pro 
| 


file at the center line, bodv lines, belt line, 
post shapes and station shapes with thei 
line points and relations to the mock-up 
pedestal that is constructed of plywood, steel 
angles, and tubes. At this point, production 
on the plaster-mock-up is started. The de 


signer gives the basic contours to the plaste r 
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Fig. |—Development of basic profile contours at center 
line, body, and belt lines, and post and station shapes. 


| 
Fig. 2—Station lines on plywood mock-up pedestal. w/ | 


Fig. 3—Longitudinal and transverse templates slotted, 
keyed and mounted at 10 in. stations on mock-up pedestal. 


Fig. 4—Three-dimensional view of assembly with dimen- 
sions, sections, station points and fabrication data shown. 


Fig. 5—Preliminary plaster model of bus marker light. { 


i 
Fig. 6—Transition surface blended from plaster model of H | \ 
market light into homogenous mass of panel surface. f 


Fig. 7—Negative plaster station shape taken off mock-up. 
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model maker who then cuts corresponding 
Shapes out of sheet metal and scribes the 
station points on their surfaces. These metal 
shapes, or templates, are made to fit the 
mock-up pedestal. As shown in Fig. 2, the 
station lines are laid out on the plywood 
surfaces of the pedestal. 

With the basic contour templates 
mounted on the mock-up pedestal, longi- 
tudinal and transverse templates are added 
at 10 in. stations. These longitudinal and 
transverse templates are slotted to permit a 
keying together in an egg crate fashion, as 
shown in Fig. 3. Perspective sketches are 
then prepared to show the area to be 
blended, determined, or faired-in. After all 
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necessary templates have been attached to 
the pedestal, the spaces are filled in with 
rough plaster. A finish coat is then applied 
and the surface splined smooth to the con- 
tours established by the templates. The wind- 
shield and window opening areas are de- 
termined from a layout of true shape and 
angularity. Oramentation, such as head- 
lights, directional lights, bumper, belt and 
drip moldings, are simulated in plaster and 
applied to the mock-up to present a realistic 
appearance. On page 437 the finish mock-up 
and front end view of this typical transit 
coach is shown. 

The engineered mock-up has many ad- 
vantages. It minimizes the amount of engi- 


neering layout and drawing work and enables 
the designer to work out the blending and 
fairing of areas to get the most pleasing p!0- 
portion. It eliminates large detail drawings 
of sheet metal and structural parts, as these 
are supplanted by a broad use of perspective 
detail in the assembly drawings. These 
drawings show the station relation points 
tying in with the engineering layout and the 
station templates of the mock-up and usually 
show one view with detail sections, cover 
dimensions and fabrication information. 
They require a fraction of the time 
quired in making conventional three-view 
production drawings of panels, structures and 
assemblies. Lines can be scribed on the 
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ELEVATIO 
enables plaster surface to determine sheet laps and 
ing and conditions, cut lines and structural shapes 
ing pro- with their locations. 
rawings The mock-up is a check on engineering 
as these layout before expensive tooling is started. 
spective Any production difficulties that may arise 
These from the new design can be foreseen. It also 
points permits determination of the most eco- 
and the nomical method of manufacturing, such as 
1 usually die sizes for pressed panels, shaping of struc- 
_ overall tural members, and the tooling required. 
rmation. The plaster mock-up makes possible crea- 
time Ie tive engineering in surface design. Consider 
ree-view as an example, the blending of a marker 
ures and light into the front hood panel surface to 
on the attain pleasing appearance and the best con- 
r. 1946 Propuct ENGINEERING — JUNE, 1946 





ditions for manufacturing. A plaster model 
of the light is first made. This is placed at 
a location determined by the designer and, 
through a transition surface, blended into 
the homogenous and unbroken mass of the 
panel surface. 

Not only does such a creative design pro- 
cedure achieve at minimum expense the ac- 
ceptable form and shape desired, but it 
also reduces the cost of making the engi- 
neering layout drawings necessary in de- 
veloping design details and required records. 
This is done by casting plaster negatives over 
the surface at the plaster station where the 
contour layout is desired. This cast plaster 
negative is placed in proper position at the 


proper station location on the layout and 
the designer simply traces the contour by 
running a pencil along the plaster cast. 
Fig. 7 illustrates a typical negative plaster 
station shape taken off the mock-up. The 
amount of engineering layout work is thus 
greatly reduced and the accompanying de 
sign problems are correspondingly simplified. 

The approving authorities, the engineer 
ing and sales executives, can base their 
opimion, suggestions and approval upon the 
mock-up before production commences. The 
mock-up also greatly reduces the cost of 
making the Kirksite dies because these can 
be cast directly or indirectly against the sur 
face of the plaster mock-up. 
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Displacement Correction Factors 
For Rotary Spur Gear Pumps 


Influence of tooth clearance, tooth space volume, backlash and pressure angle on 


pump displacement are analyzed and evaluated. Values of correction factors, for use 


in a simple general displacement equation, are obtained from planimeter measure- 


ments of gear tooth profiles and compared with displacements of hand cranked pumps. 
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Fig. |—Parts in a rotary spur gear pump and direction of fluid flow. 


MANY DISPLACEMENT FORMULAS 
or equations are commonly used in calcu- 
lating the discharge volume of rotary spur 
gear pumps. Most of them are not accurate 
because they do not take into consideration 
the difference in the tooth clearance and 
tooth space volumes of the mating gears, nor 
the pressure angle of the involute profiles. 

The volume of fluid discharged by each 
gear m a spur gear pump, Fig. 1, in one 
revolution is, theoretically, equal to the num- 
ber of tooth spaces times the space volume 
two consecutive tecth. But with 
the gear teeth in action, this theoretical dis 
placement is decreased by the clearance vol 
ume trapped between every pair of mating 
teeth at the seal point as the driving tooth 
contacts its mate on the idler gear. 

The initial seal position of the gears is 


shown in Fig. 2, 


between 


in this position the cross 
section of the clearance volume is the drea 
DFGHACD. After sealing, the clearance 
volume decreases and reaches a minimum 
when the center of the area crosses the line 
connecting the gear centers. This position of 
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minimum volume is shown in Fig. 3 and is 
represented by the area DEFGHACD. The 
decreasing clearance volume compresses the 
Huid trapped between the mating teeth un- 
less it is squeezed out or is relieved by side 
porting as shown in Fig. 3 by the dash 
line. 

In a properly designed spur gear pump 
this relief fluid to the 
outlet side, and the fluid in the minimum 
volume is returned to the inlet 
side. The volume trapped at the moment of 
sealing corresponds to the clearance volume 
in a piston pump between the piston face 
and head plus the port volume up to the 


carries the excess 


clearance 


valves. 
carried back to the inlet side because the 
teeth do not fill the tooth 
fully meshed. 

The clearance volume can be relieved 
also by placing a side port in the inlet side 
at the point of contact as the initial seal 
position is reached as shown by the dash line 
through G, Fig. 2. In this design, the 
maximum clearance volume is returned to 


spaces when 


In the rotary pump this volume is 


W. B. ERICHSON 


Research Engineer, 
Gulf Research & Development Company 


the mmlet side. thus reducing the displace 
ment of the pump as compared to one hay 
ing the relief port on the outlet side at 
the pomt of contact as the minimum clea! 
ance volume 1s reached. In a pump designed 
to return the maximum clearance volume to 
the inlet side, the displacement factor is re 
duced by a smal] percent for a six-tooth 
gear to about ~ percent for a twelve-tooth 
gcar 

With the pitch diameter remaining con 
stant. the magmitude of the tooth space vo 
ume ABDCA. Fig. 3. as outlined between 
the tooth contours and tooth tip circum 
ference depends upon the pressure angle, 
backlash and number of teeth in the geat 

With a change of pressure angle, areas 
of standard full depth teeth of true involute 
form when measured with a planimeter indi 
cate some difference in displacement. ‘The 
greater the pressure angle is, the greater 1s 
the displacement 

The effect of pressure angle on clearance 
is shown in Fig. 4. The gear shown in solid 
outline has a pressure angle of 15 deg. The 
gear shown in dash line has a pressure angle 
of 28 deg. In changing from the 15 deg. to 
the 28 deg. pressure angle, twice the space 
rea ABCDA is increased by four times area 
X and is decreased by four times the area Y: 
also the minimum clearance area is increas¢ 
by twice area X and decreased by twice area 
Y. In addition, the clearance is decreased 
by twice the area Z. The net displacement 
irea of the contour for the gear with 28 deg 
pressure angle varies from that of the 
with the 15 deg. pressure angle by 


2n{ ax — ¥ + Z) 


\rea X would probably more than balance 
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area Y, so that some part of area Z represents 
the change in displacement area. 

\ change in backlash increases or de- 
creases both twice the space volume and 
minimum clearance an equal amount, so 
that the difference or net displacement vol- 
ime, Fig. 3. remains the same, that is, 


2x (ABDCA — DEFGHACD 


ndicating that the net displacement volume 
s not affected by backlash 
Phe effect of backlash on displacement is 
ndicated in Fig. 5 where the zear teeth are 
arrowed from the solid outlines to the dash 
sitlines and then moved into contact. With 
vacklash in the two adjacent tooth spaces. 
rea ABCDA is increased by area 3 X and 
lecreased by area X, while area EFGHE 
ncreased by two times area X, making a net 
ncrease of four times area X. The total 
learance area is increased by areas X and 
X, balancing the change in the adjacent 
yaces. .\ small gain Y at one end of the 
trapped area is balanced by a loss at thx 
ther end. Hence the difference between 
twice the space area and clearance area 
‘intained and displacement is not affected 
Clearance at root of tooth occurs once in 
ich space of both gears and twice in each 
learance area and, therefore, 
mv effect on the displacement 
The foregoing analysis, therefore, indi 


ancels out 


ites that the general formula for calculating 
displacement in terms of the dimensions of 


the pump, wW her 


J” = pump discharge, cu. in. per revolution 
1 = addendum of gear teeth, in 

D = pitch dia. of a gear, in 

MW = tace width of gears, in 

Vv =2raDWw l 


should be used with a correction factor when 
wccurate Computations are required. 

lo obtain data from which to establish 
values of correction factors F’. large scale sec 
tions were drawn for gears of 6 in. pitch 
diameter, having twelve. eight. and six teeth. 
This was done for gears having 28, 20 and 
15 deg. pressure angles. The gears were laid 
out with involute profile. no backlash, and 
i standard addendum of 1/D.P. For each 


gear the tooth space area and minimum 


clearance area were measured by planimeter. 

In laying out the tooth contours the six 
tooth gear was drawn 4 times size, the eight 
tooth gear 54 times size, and the twelve 
tooth gear 8 times size. This procedure 
made the tooth depth the same” for each 
gear in measuring with a planimeter. 

Multiplving the difference between the 
space area and the minimum clearance area 
by twice the number of teeth per gear 
gave the net displacement per inch of gear 
face for cach pump 


Displacement correction factors F were 
then calculated for the group of gears by 
the equation 


F = displacement correction facto1 

Dp = net displacement as determined by 
planimeter readings 

De = calculated displacement by Equa 
tion (1) 

F = Dp D. 2 


The summary in Table I gives working 
data and the factors obtained for gear tecth 
of three different pressure angles with in- 


volute contours and no backlash. ‘These data 
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Fig. 2—Initial seal position of pump gears occurs when tooth 
on driving gear comes in contact with tooth on idler gear. 
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Fig. 3—Minimum clearance position occurs when center of 
clearance volume crosses the line connecting the gear centers. 
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rig. 4—Effect of pressure angle on clearance volume. 
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Fig. 5—€ffect of backlash on clearance volume. 
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Table i—Efect ef Pressure Angle on Displacement Factor 





































































































De Total Total Dp ; 
Pressure Pitch Face Calculated space clearance Net Displacement 
angle, Teeth dia., Addendum, width, displacement, volume, volume, displacement, factor, 
deg. per gear in. in. in. cu. in. cu. in. cu. in. cu. in. Dre/De 
28 12 6 0.5 l 18.850 21.598 2.207 19.391 1.0287 
20 12 6 0.5 l 18.850 22 .067 2.792 275 1.0226 
15 12 6 0.5 l 18.850 22.098 2.915 19.183 1.0177 
28 8 6 0.75 1 28 .274 33.881 4.315 29 .566 1.0457 
20 8 6 0.75 l 28.274 34.000 4.762 29.238 1.0341 
15 8 6 0.75 1 28.274 33.879 4.787 29 .092 1.0289 
28 6 6 1.0 l 37 .699 46.508 6.640 39.868 1.0575 
2 6 6 1.0 l 37 .699 46.406 7.103 39.303 1.0425 
15 6 6 1.0 l 37.699 45.840 6.987 38.853 1.0306 
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Fig. 7—Displacement factors calculated from measurements 
for pumps with relief ports on the outlet side, using number 


of teeth per gear as a base. 


show that the correction factor increases as 
the number of teeth decreases, and that for 
the same number of teeth the correction 
factor decreases with the pressure angle. 
Large scale sections were also drawn 
for gears of 6 in. pitch diameter having 
twelve and six teeth, with backlash equal to 





Fig. 8—Displacement factors calculated from measurements 
for pumps with relief ports on the outlet side, using tooth 


pressure angle as a base. 


4 of the addendum. ‘Tooth space area and 
minimum clearance area for these gears were 
measured by planimeter and displacement 
factors calculated by the same procedure 
used for gears without backlash. In Table 
II data for twelve and six tooth gears with 


backlash are compared with similar data 
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Fig. 6—Test setup for determining the displacement of pumps by hand cranking. 


for gears without backlash. Note that back 
lash has no effect on displacement. 

In actual operation all the selected gears, 
except the eight and twelve tooth gears with 
28 deg. pressure angle, encounter interfer- 
ence and require some contour modification. 
This interference can be eliminated either 
by allowing the standard tooth gear cutter 
to undercut the gear teeth or by modifying 
the standard involute tooth form. 

If the teeth are undercut the change ot 
contour will add a like amount to twice the 
space area and minimum clearance ar@a 5 
that the net displacement will remain thie 
same. If the tooth form is modified, the 
resulting change of the space area and mim! 
mum clearance areas may not be the san 
therefore, the true displacement can be de 
termined only by laying out the contours to 
scale and measuring the two areas with 4 
planimeter. 

To check the correction factors obtained 
by measurement of tooth space and clear- 
ance space areas of the layouts, all the spur 
gear pumps in new condition at the labora 
tory were collected and their gears measured. 
Using a test setup as shown in Fig. 6, the 
discharge of each pump was determined by 
hand-cranking, with the inlet and outlet of 
the pump under constant and equal head. 
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The quantity of liquid discharged divided 
by the number of crank revolutions required 
gave the displacement per revolution of the 
pump, this quantity was called the “‘hand- 
crank displacement.” 

A correction factor was computed for 
each pump by dividing the hand-crank dis- 
placement by the calculated displacement 
obtained from Equation (1). Table III 
gives these data for the pumps tested. 

Correction factors obtained from hand- 
crank tests (Table III) and those obtained 
by measuring the gear profile drawings with 
a planimeter (Table 1) are compared in 
Fig. 7 on the basis of number of teeth per 
gear. The smaller factors obtained for some 
of the hand cranked pumps may be attributa- 
ble to the methods of relief porting. This 


was not investigated at the time of test. 0.9 | | | 0.97 {| —— 
Correction factors from ‘able I are FIG.9 r | FIG. 10 

plotted in Fig. 8 against tooth pressure angle 2 an a a 2 0 a -—" 50 at 

for six, eight and twelve teeth gears. | Number of Teeth per Gear | Tooth Pressure Angle a, Deg 


An analysis of the curves in Fig. 8 shows 
that the correction factor F is closely approxi- 
mated by an equation in which 
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Fig. 9— Displacement factors calcu- 
lated from measurements for pumps 


Fig. 10 — Displacement factors calcu- 
lated from measurements for pumps 


F = correction factor with relief ports on the inlet side, using _ with relief ports on the inlet side, using 
N = number of teeth per gear number of teeth per gear as a base. tooth pressure angle as a base. 

a = pressure angle of gear teeth, deg. 

F = 1,00 + oes cos @ (3) 


Correction factors calculated from Equa- 
tion (3) for 6, 8 and 12 teeth gears of 15, 


predict accurately the discharge V of spur 
gear pumps. 
V=2nraDWF 


minimum clearance volume is returned to 
the inlet side. 


Correction factors obtained from planim- 























0 20, and 28 deg. pressure angles are plotted ) 0.01389 acosa eter measurements of gear tooth profiles 
_— =2xaDW{ 1.00+ ——-——- } (4) : 
on Fig. 8. The greatest deviation from the N are plotted for number of teeth per gear in 
ee curves is not more than a fourth of one The curves on Figs. 7 and 8 are to be Fig. 9, and for tooth pressure angle in Fig. 
nts percent. used only for pumps designed with relief 10, for pumps in which the trapped volume 
th Combining Equation (1) with Equation ports on the outlet side, as at D, Fig. 3. at the initial seal position escapes through 
(3) yields an equation that can be used to With the relief port in this position, the ports on the inlet side. 
ick 
Table Il—Comparison of Gears With and Without Backlash 
eo c Total Total Dp 
_— Pitch Face Calculated space clearance Net Displacement 
fer- Teeth dia., Addendum, width, displacement, volume, volume, displacement, factor, 
ion. Backlash per gear in. in. in. cu. in, cu. in. cu. in. cu. in, De/Dc 
ther ao 
tter None 12 6 0.5 l 18.850 22.098 2.915 19.183 1.0177 
ying 1/8 add. iz 6 0.5 1 18.850 22.848 3.665 19.183 1.0177 
a None 6 6 1.0 1 37 .699 46 406 7.103 39 303 1.0425 
Ld 1/8 add. 6 6 1.0 l 37 .699 47.812 8.508 39 .304 1.0426 
‘the 
. ad Table Ill—Comparison of Calculated and Hand-Crank Displacements 
the . : ee 
the ; De a : 
% Pressure Pitch Face calculated Hand-crank Displacement 
unl angle, Teeth Addendum, dia., width, displacement, displacement, factor, 
me, Pump deg. per gear in. in. in. cu. in. cu. in. Da/De 
de a ahi — 
to \ 24 12 0.1235 1.378 1.250 1.3361 1.3546 1.01346 
ha B a 11 0.125 1.375 0.748 0.80778 0.8228 1.01859 
C ss 11 0.125 1.375 lL .izs 1.21275 1.2257 1.01068 
F D 28 11 0.14525 1.601 3.1268 4.56865 4.6870 1.02590 
ine E 28 11 0.14525 1.601 4.4923 6.56382 6.6828 1.01813 
lear- i; os 10 0.125 1.395 0.7483 0.80811 0.8223 1.01756 
spur G eo 10 0.125 L330 1.1225 1.21221 1.243 1.02540 
wi ig H,* - 9 0.1585 1.669 1.741 2.89377 2.9280 1.01183 
4 H,* _ 9 0.1585 1.669 1.741 2.89377 2.9445 1.01753 
ed. I 28 7 0.1655 1.167 1.374 1.66739 1.7355 1.04085 
the J 28 7 0.1655 1.167 1.994 2.41977 2.4994 1.03291 
by K 28 7 0.198 1.401 1.373 2.3931 2.541 1.06182 
t of 
ead. *Hi, normal flow; Hs, reverse flow. 
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Basic Control Circuits 
For Squirrel Cage Motors 


HARRY LITTLEJOHN 


Application Engineer, Ward Leonard Electric Co. 


Some basic circuits for starting and controlling squirrel cage induction motors. Man- 


ual and automatic across-the-line starting circuits, reduced voltage methods, 


overload protection, reversing, and multispeed operation are included in the discussion. 


FOR ECONOMY and _ best performance 
the alternating current control for squirrel 
cage induction carefully 
matched to the characteristics of both the 


motors must be 


motor and the driven machine. For ex 
ample, one machine may require automatic 
while 
mother application would need only a sim 


starting, stopping, and _ reversing, 
ple across-the-line manual starter. A dis 
cussion of some basic types of controllers, 
their fundamental circuits, and how they 
function, may be helpful to designers who 
must select and apply a.c. control correctly 
NEMA definition, “An 


electric controller is a device, or group of 


\ccording to 


devices, which serves to govern, in some 


line closing, retardation, or reversing. Con 
trollers that accelerate a motor to normal 
speed in one direction of rotation only are 
lo carry out their basic 
devices such 
as pushbuttons, manual switches, control 
drums, magnetic relays, and magnetic con- 


motor starters. 


functions, controllers use 


tactors, as well as pilot control devices, re- 


sistors, rheostats, transformers and mag: 


netic brakes. Diversified control devices are 
used in various electric circuits to meet the 
individual operating requirements of the 
machine or product. 

In addition to the operating considera- 
these control devices, attention 
must be given to the mechanical require- 
Motor 


tions of 


ments. 





predetermined manner, the clectric powe: 
delivered to the apparatus to which it is 
When operating, these elec 
tric controllers carry out one or more of 


connected.” 


their basic functions, such as accelerating, 





Manuva Across-rHe-Line Srartinc. The simplest form of a.c. 
motor starter has a set of normally open main contacts, as shown 
in Fig. 1. 
motor directly to the source of power. The starter is simply a 


When in a closed position, these contacts connect the 


hand operated switch that starts and stops the motor and is com 
monly used for controlling fractional horsepower squirrel cage 
motors. ‘l'ypical uses of across the line starters are for 
machine tools, fans and pumps. ‘These starters are usually mounted 


near the machine. 


ELECTRICALLY OPERATED S1Tartinc. Replacing the manual switch 
by a magnetic contactor lets the main contacts be operated elec 
trically, as shown in Fig. 2. A manual pilot device, such as a snap 
switch, in series with the magnet coil controls the main contactor. 
The pilot device and control coil circuit form the pilot circuit. 
Pilot devices for controlling the magnetic line contactor coil may 
be either hand operated by selector switches, push buttons, or snap 
switches, or they may be automatically operated by float switches, 
thermostats, pressure regulators, or vacuum regulators. 

Two Wire Contror. One form of hand operated pilot devices 
is the maintained contact tvpe, where the pilot contacts remain 


either open or closed as last operated. As shown in Fig. when 
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mounted or inclosed. 


ACROSS-THE-LINE STARTING 


controllers may be open 
Controller enclosures 
protect the control devices against atmos 
pheric conditions, mechanical damage, and 
it the same time, prevent accidental con- 


Most enclosures are 


tact with live parts. i 
standard 


non-ventilated, including such 
types as general purpose, water tight, dust 
tight, and hazardous location. Choice of 
the controller enclosure depends largely on 
the location of the mounting and the sur 
rounding atmospheric conditions. For ex 
ample, outdoor mounting of a controller 
would require a water tight, non-ventilated 
inclosure while a controller installed indoors 
under normal atmospheric conditions would 
use a general purpose non-ventilated cabinet 

Selected control 
into electric circuits in various ways to pro 


devices are connected 
vide the individual operating needs of the 
motor and the machine. Thirteen basic 
circuits for controlling a.c. squirrel cage in 
duction motors are discussed in the follow 
from icross-the-line 


ing, ranging simple 


starting schemes to the more complicated 


reduced voltage svstems. 
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the pilot device is closed, the coil of the line contactor is energized 
and closes the main contacts. However, if the line voltage de 
creases to a low value or fails completely, the line contactor drops 
out disconnecting the motor from the line. 

On restoration of line voltage, since the contacts of the pilot 
device are still closed, the line contactor recloses and automaticall\ 
restarts the motor. This pilot circuit arrangement is known as two 
wire control, or a low voltage release circuit, and is often used 
for automatic pumps and compressors. 


Turee Wire Contror. A second form of manual pilot device 
is the momentary contact type. Usually two pushbuttons are used, 
the start button having normally open contacts and the stop but 
ton having normally closed contacts. Momentarily depressing the 
the start button closes the contacts until the button is released, 
and then the contacts resume their normal open position. Pressing 
the stop button opens the contacts, releasing it closes the contacts. 

A schematic diagram of a motor starter using a momentary con 
tact type pilot device is shown in Fig. 3. An additional contact 
has been added to the line contactor and is connected direct 
across or in parallel with the start button contacts. This auxiliary, 
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or maintaining contact opens and closes at the same time as the 
main contacts. Momentarily depressing the start button closes 
the line contactor, which remains closed because of the circuit 
established across the pushbutton contacts by the maintaining 
contact. With low line voltage or failure of line voltage, the line 
contactor opens and remains open even after restoration of lin 
voltage because the maintaining contact remains open. In con- 
trast to the low voltage release circuit, to restart the motor the 
start button must be depressed again. This type of pilot circuit 
provides low voltage protection, since the motor does not restart 
itself. Three wire control is often used on machine tools as a 
safety measure so the machine will not restart unexpectedly and 
endanger the operator. 


Overtoap Protection. In addition to starting the motor, the 
control circuit must protect the motor from dangerous overloads 
while it is running. The load on a motor is indicated by the cur 
tent in amperes the motor draws from the line. The amperes 
flowing in the winding generate heat, raising the temperature of the 
motor above the surrounding atmosphere. The motor is rate<! 
on the basis of a normal temperature rise in doing normal work 
However, if the motor does more than its rated amount of work 
excessive Current is required from the supply thus creating an cx 
cessive temperature rise. 

Electric motors are designed to withstand a certain degree o! 
overload before damage occurs from overheating. The greater the 
overload on the motor the shorter the length of time the moto: 
s able to operate without damage. To detect and prevent damage 
because of dangerous overload conditions, overload relays in moto: 
starters and controllers automatically affect the operation of the 
main line contactor which disconnects the motor from the line. 
Overload protection in a circuit guards both the motor and con 
troller against the damaging effects of overcurrents. 
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An overload relay generally uses a heater or magnet coil through 
which the motor current passes. ‘The normally closed contact 
of the overload relav is connected in series with the device that it 
operates or controls. 

Overload relays do not operate when the current drawn by the 
motor is of a normal value. If the motor draws more than normal 
current, the relay operates and trips open its contacts. ‘To match 
the thermal characteristic of the motor, overload relays may delay 
the tripping time from several seconds to several hours. ‘The speed 
of operation depends on the current passing through the relay 
coil. A high current shortens the tripping time whereas a low 
overload current lengthens the tripping time. When the trip time 
varies inversely as the square of the current, the relay is called an 
inverse time delay relay. 

A typical schematic diagram of a motor starter having overload 
protection and low voltage protection is shown in Fig. 4. ‘The 
overload relay contacts are connected in the pilot circuit in series 
with the line contactor, the maintaining contact, and the stop 
button. With a sustained overload on the motor, the overload 
relay trips and opens the circuit to the line contactor coil thus 
disconnecting the motor from the line. Unless the overload relay 
is of the automatic or electrical reset type, the contact will remain 
open after tripping until manually reset. Some magnetic starters 
and controllers use a manual resect button extending through the 
enclosure door. By using a pilot circuit, certain tvpes of overload 
relavs can be reset electrically 
\UTOMATIC STARTERS—Iwo Wire Conrror \utomatic motor 
starters control motors that operate intermittently to maintain a 
condition, such as keeping a compressed air tank at a constant 
pressure. When the air in the tank is bemg used, the pressure 
inside the tank drops. When the tank pressure drops to a pre 
determined value, the automatic starter starts the motor, as shown 
in Fig. 5. The motor runs until the normal pressure is reached 
and then the control stops the motor. After the motor is once 
started by the manual pilot control device, automatic pilot devices 
do the stopping and starting. In the compressor and the tank 
example, the pilot device would be an automatic pressure switch 
with the two wire control circuit providing low voltage release. 


continued on next page) 
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Automatic STARTERS—THREE Wire Controt. For automatic 
motor starters requiring low voltage protection, the circuit in Fig. 5 
is changed from two wire control to three wire control. In addi- 
tion, the motor starter in Fig. 6 uses an additional low voltage 
protection relay or control relay. The control relay is operated 
by the start pushbutton and the relay has an auxiliary contact that 
keeps the relay closed after the start button is released. Provided 
the pressure switch is closed, a second contact on the control relay, 
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when closed, operates the line contactor. With this pilot circuit, the 
line contactor can open or close dependent on the operation of 
the pressure switch. However, if there is a loss of line voltage or 
an overload on the motor, the control relay will drop out opening 
the circuit to the line contactor and disconnecting the motor from 
the line. To restart the motor, the start button must be depressed 
again. 


SELECTOR Switcu Contro.. Magnetic starters or controllers may 
employ a selector switch in the pilot circuit as shown in Fig. 7. 
This manual three position selector switch provides the operator 
with two methods of motor operation so the switch is marked 
“Hand, Off, Auto.” In the hand control position, the motor is 
started by pressing the start button and the pressure switch has no 
effect on the subsequent motor operation since the pressure switch 
contact is short circuited. Thus, in the case of the air compressor, 
the pressure in the tank would have to be regulated by hand or 
by some similar method. With the selector switch turned to the 
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automatic position, the starting and stopping of the motor is auto- 
matically controlled by the pressure switch after the start button 
has been pressed. In the off position the motor cannot be started. 
Three position selector switch control is often used for refrigera- 
tion and pumping systems. 


Sarety InTERLOcCK Conrro. For greater protection, an addi- 
tional automatic pilot device is added as shown in Fig. 8. This 
circuit is similar to the one shown in Fig. 7 except that the con- 
tacts of a high pressure switch have been added in the pilot con- 
trol circuit. The high pressure switch is a safety device to stop 
the compressor when the maximum safe air pressure is reached 
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regardless of the position of the selector switch. When the high 
pressure switch contact opens, the operator must release the excess 
pressure in the tank before the compressor motor can be restarted. 


MuttisreepD A.C. Moror Contro.iers. Alternating current 
motors for industrial applications often require operation at more 
than one speed for use when driving such devices as pumps, fans, 
and blowers. However, it is extremely difficult to change the speed 
of an ordinary squirrel cage induction motor since the rotor circuit 
is fixed. Adjustable speed can be obtained by changing both the 
supply frequency and voltage impressed on the stator winding of 
the motor. However the additional motor generator and control 
increases the cost and space requirements. To overcome this dis- 
advantage, multispeed squirrel cage motors are often used when 
the application requires two, three, or four, motor speeds. 
Adjustable speed is obtained by changing the number of effec- 
tive motor poles, that is by having two or more windings or by 
connecting one winding in more than one way. Ordinarily in 1 
two-speed motor, the slower speed is one-half the speed and one- 
half the norsepower output of the higher speed. Controllers for 
multispeed squirrel cage motors permit the selection of the speed 
desired. The controller also provides overload protection at each 
speed. Since the current drawn from the line by the motor at low 
speed is less than at high speed, two sets of overload relays are used. 
A typical wiring diagram of a magnetic controller for a two-speed 
two-winding squirrel cage motor is shown in Fig. 9. This circuit 
uses low voltage protection as well as overload protection at each 
speed. The start-slow and start-fast push button pilot devices are 
changed somewhat from those previously described. These pilot 
devices are of the double throw type having one set of normally 
open momentary contacts and another set of normally closed 
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momentary contacts. Speed selection is obtained by operating 
either the slow or fast start button, thus completing the circuit to 
the proper main line contactor. Multispeed controllers providing 
three or more speeds would use a selector switch in place of push 
buttons and a separate line contactor for each additional speed. 
Multispeed controllers are used on air conditioning units, fans, and 
certain machines where close speed adjustment is not needed. 


ELecTricaAL AND Mecuanicat Inrertocks. For each line con- 
tactor, FC and SC, a set of normally closed auxiliary contacts have 
been added as shown in Fig. 9. These auxiliary contacts, or elec- 
trical interlocks, are connected in series with the coil of the opposite 
line contactor and prevent inadvertently closing of both contactors 
at one time. Thus if the fast contactor is closed, the slow contactor 
cannot close without first de-energizing the fast contactor. Sequence 
circuits use many electrical interlocks to insure correct operation 
of one relay or contactor that is dependent on the other. 

In addition to electrical interlocks, mechanical interlocks are 
used on multispeed and other type controllers to safeguard cor- 
rect operation. For instance, when two contactors are employed, 
as in Fig. 9, mechanical interlocks may be arranged so that when 
one contactor is closed, it blocks the other contactor from closing. 
Mechanical interlocks are particularly effective where tilt and vibra- 
tion are prevalent such as on shipboard applications. 


REVERSING CONTROLLERS. Two or three phase a.c. induction 
motors can be reversed by simply reversing one phase. It is im- 
portant that the magnetic reversing circuit be arranged so as to 
accomplish motor reversal at the will of the operator. Reversing 
is obtained by interchanging two line leads within controller. 





REDUCED VOLTAGE STARTING 
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FIG.10 


The reversing controller shown in Fig. 10 is similar to a two 
speed controller described in Fig. 9, except that one pair of the 
overload relays is eliminated since the motor horsepower is the 
same in either direction of rotation. Two electrical interlocks and 
a mechanical interlock prevent the forward and reverse magnetic 
contactors from inadvertently closing at the same time. Two start 
pilot devices are required but only a single stop push button. 





ALL THE STARTERS and controllers previously 
described are of the across-the-line type, and 
the motors were connected directly to the 
full line voltage by a manual switch or a 
magnetic contactor. Across-the-line _ start- 


to install, and extremely simple to maintain. 

However, when a.c. induction motors are 
started directly across-the-line, they draw 
from four to ten times their normal full load 
current from the line. This inrush current 


heavy inrush current drawn by the motor 
in starting often causes line disturbances if 
the power supply is inadequate or if the 
motor is large. To limit the starting cur- 
rent and decrease line disturbances, motors 


ing of a.c. motors has many advantages be- 
cause the control unit is inexpensive, easy 


Compensators. Compensators use an autotransformer to reduce 
the voltage supplied to the motor during the starting period thus 
limiting the inrush currents. A typical autotransformer starter 
using time limit acceleration is shown in Fig. 11. In this circuit, 
two magnetic line contactors are used one with five poles and the 
other with three poles. The five pole contactor starts the motor 
by connecting it to the autotransformer, and after the proper time 
interval, the three pole contactor connects the motor directly 
across the line. 

The sequence of operation of the contactors is controlled by the 
pilot circuit. The small control transformer supplies the 110 volts 
required by the motor of the timing relay. Momentarily depressing 
the start button energizes the start contactor which is mechanically 
as well as electrically interlocked with the run contactor. The 
five pole start contactor completes the connections to the auto- 
transformer which is provided with adjustable voltage taps at 50, 
65 and 80 percent of line voltage. The tap is selected that gives 
the best starting condition for the motor and that part of auto- 
transformer is left permanently connected at B as shown. After 
4 pre-set period of time, the motor driven time delay relay causes 
control relay to close its contact CR. This opens the start contactor 
ind causes the control circuit to close the run contactor thus con- 
necting the motor directly across the line. 


Primary Resistor STARTING. Primary resistor starters for a.c. 
motors use resistors to reduce the voltage supplied to the motor 
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gradually subsides to normal full load cur- 
rent as the motor approaches full speed. The 


are often started by compensators, primary 
resistors and star-delta connections. 
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on starting. ‘This method of reduced voltage starting is used when 
smooth acceleration is desired and is often preferred over the auto 
transformer type starter for this reason. 

Smooth acceleration is obtained because as the motor accelerates 
the current decreases, thus lowering the voltage drop across the 
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Typical a.c. automatic autotransformer starter for 25 hp., 
440 volt, 60 cycle motor. For safety of operation the start 
contactor and run contactor are both electrically and me- 
chanically interlocked. 
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starting resistance and automatically imcereasing the voltage sup 
plied to the motor. Since the motor circuit is not disconnected 
momentarily during the acceleration period, as is necessary with 
compensators, smoother starting is obtained. 

Resistor starting is inefficient since the power dissipated in the 
resistors is comparatively high. For this reason, resistor starting 1s 
generally used for low starting torque applications rather than for 
heavy loads. 

The simple primary resistance starter shown in Fig. 12 requires 
two three pole magnetic contactors, a main line contactor, and an 
accelerating contactor, timing device, a set of starting resistors, 
and overload relays. ‘The starting resistors in each leg of the line 
have equal ohmic values and watt capacity. 

On pressing the start button, the main line contactor closes 
connecting the motor to the line through the resistors. ‘The main 
line contactor in closing starts the time delav relay which after a 
definite period of time closes its contacts, thereby energizing the 
accelerating contactor. In closing, the accelerating contactor shorts 
out the starting resistors and connects the motor across the line 


SraR-DELTA STARTING. Induction motors that have external leads 
for each end of their three phase stator winding may be con 
nected in either star or delta. Ordinarily, three phase, three wire 
squirrel cage induction motors are connected in delta, thus requir 
ing only three external leads. With a delta motor connection, 
full line voltage is applied to cach phase when across-the-line starters 
or controllers are used. However, with six external leads, the stator 
can be star connected for starting, impressing a reduced voltage of 
approximately 58 percent of line voltage across each motor phase. 
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The schematic in Fig. 13 shows a typical circuit for transferring 
from star to delta motor connection. 

\ magnetic star-delta starter circuit requires a main line con 
tactor, start contactor, run contactor, timing relav, overload relays 
and a suitable pilot device. Momentarily depressing the start but 
ton closes the main line contactor and the start contactor con 
necting the motor in star. After a time interval determined by 
the timing relay, the relay de-energizes the start contactor coil and 
energizes the run contactor coil connecting the motor in delta and 
thus impressing full line voltage across each phase. 
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Electropolishing of long, plate-shaped metal parts is done in tanks and with 
equipment of the type illustrated. Other parts can be electropolished with 
the same equipment but tanks of different dimensions usually are required. 


Electropolishing Metals 






To Obtain Surface Finish 


CHARLES L. FAUST 


Battelle Memorial Institute 


Recent applications, advantages and limitations of the process. Diverse uses of the process are 
described; types of surface finishes for metals are compared; design data and information are 
given. Cost of typical processing equipment and relative costs of finished products are included. 


ELECTROPOLISHING attains metal sur 
facing without mechanical work being done 
on the metal. It is suited to processing sur 
ta so irregular in shape that mechanical 
methods of polishing are impracticable. 

he electropolishing process is replacing 
automatic and hand operated machines for 
fnishing metal articles to brilliant, mirror 


uke appearance, for machining parts to size, 


tor removing burrs from stamped, ground, 
punched, drilled and other machined edges, 
ind for getting surfaces ready to final finish 
ing by electroplating, painting, lacquering, 
Japanning, heat bleackening and anodizing. 
le process might be considered as elec 
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troplating in reverse. ‘The part to be polished 
becomes an anode instead of a cathode as in 
clectroplating. When the current is applied, 
1 minute film on the surface is dissolved and 
flows off the surface into the electrolyte. 

l‘here are many combinations of acid and 
ilkali baths, technically suited for use as 
electrolytes, but only a few of. them have 
About 80 
such combinations are listed in an article on 
‘Electrolytic Polishing of Stainless Steels and 
Other Metals” by Otto Zmeskal in the April 
1945 number of Metal Progress. 

Solutions of sulfuric and phosphoric acids 


practical industrial significance. 


ire used in commercial electropolishing be 


ause combinations of these acids are suitable 
electrolytes for electropolishing many of the 
common metals and alloys—mild steel, high 
carbon steel, low alloy steel, austenitic stain 


] 


less steel, ferritic stainless steel, aluminum 


ind brass—under the same processing 
nickel silver and other alloys, 


and sometimes aluminum and _ brass also, 


Zink > COppe i. 


require solutions having proportions of sul 
furic and phosphoric acids of limited electro 
polishing utility. Commercial electropolish 
ing of stainless steels is done in solutions 
comprising 55-60 percent citric acid, 15-20 


percent sulfuric acid and water. 


Che sulfuric-phosphoric acid processes are 
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covered by patents owned by The Battelle 
Development Corporation, and the citric- 
sulfuric acid process by patents owned by* 
Rustless Iron and Steel Division of The 
American Rolling Mill Company. These 
methods are considered the most practical 
today. Other methods are under develop- 
ment and are being tested in pilot produc- 
tion; hence, practical improvements may be 
expected. More than 75 patents have been 
issued. 

Other types of electropolishing solutions 
have been developed and several are available 
for commercial use. Generally they contain 
phosphoric acid, or sulphuric and phosphoric 
acids, plus organic material, such as alcohol, 
glycerine, glycol and others. Although the 
organic materials are beneficial in some in- 
stances, the trend is to avoid the use of them 
because they make a more expensive electro 
lyte than the inorganic acids. 

Since the electropolishing method of pro- 
ducing lustrous surfaces differs so greatly 
from the methods of mechanical polishing, 
there are applications where one method can- 
not be replaced by the other. There are 
also a large number of applications in which 
either method can be used successfully. The 
selection of which method then is largely a 
matter of economy. 


Electropolishing for Appearance 


The most frequent application is finishing 
for appearance, where brilliance and color 
tone can be achieved better than polishing 
by mechanical methods, especially on rough, 
uneven surfaces. Since electropolishing gets 
into pits and depressions, stainless steel cast- 
ings can be made to have a brilliant luster 
and clear color even in the rough state. 

Brightening the bottom of pits, scratches, 
and tool marks sometimes reacts against the 
process. For example, stainless steel sheets, 
some carbon steel sheets and other materials 
contain impurities, which show up as slag 
particles, slag stringers, rolling seams or pits. 
When such a surface is mechanically pol- 
ished, the metal is peened down or burnished 
over these defects effectively to conceal 
them. If such a surface is electropolished, 
the thin surface layers are removed and the 
defects are accentuated. 

Another application of electropolishing is 
the manufacture of electric appliance parts 
from which a hand polishing operation is 
eliminated. A part can be formed out of a 
high-quality, cold-rolled steel, which is bright 
plated after forming and is then electrobuffed 
and chromium plated, to provide an accepta- 
ble appearance with a cost saving amounting 
to 1 to 5 cents per unit. 

Brass stampings can be formed from cold- 
rolled brass sheet or strip, then electro- 
polished and bright nickel plated before 
chromium plating, to show an over-all cost 
saving of as much as 3 cents per part. On 
brass stampings electropolishing may be used 
after bright nickel plating. In this instance, 
it would be called electrobuffing. Or, it 
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might be that a two-stage electropolishing 
operation would be more economical; that is 
to say, electropolishing of the brass and elec- 
tro-buffing of the nickel plate. 

This ability to electropolish plated metal 
greatly widens the application for electro- 
polishing. Obviously, a basic metal or alloy 
can be selected for reasons of its physical 
properties, or for reasons of manufacturing, 
and then it can be finished later by plating 
and electrobuffing the plated metal. As a 
consequence the purity control of the metal 
to be electropolished is in the hands of the 
engineers that manufacture the parts. If the 
basic metal is electropolished, its purity and 
properties are under the control of the metal 
manufacturer. 

An excellent application for electropolish- 
ing is costume jewelry. Brass parts, how- 
ever intricate in design and shape, after 
being electropolished, can be coated with a 
thin flash of gold, which may be brilliant 
enough or which can be touched up by a 
very light, wheel coloring operation. 

A pebble finish can be obtained by electro 
polishing. The surface is prepared by shot 
blasting, sandblasting or vapor blasting. It is 
then electropolished to a brilliant luster, or 
is electropolished to a lesser degree resulting 
in an effect varying from a Butler finish, as 
found on quality silverware to a brilliant, 
sparkle finish. Such a finishing procedure 
has the distinct and practical advantage of 
hiding die marks or handling marks, which 
are introduced during processing, and of hid- 
ing fingermarks and scratches, which are in 
troduced in service. 

A pebble finish is a low cost quality finish 
because no preparation of the surface before 
electropolishing is required and the basic 
metal does not need to have a high-quality 
appearance initially. For example, hot-rolled 
and pickled metals can be used instead of the 
higher-priced better-surfaced metals obtained 
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In electropolishing, the metal M dis- 
solves removing a thin layer from the 
surface of the work. Protruding places 
dissolve at a faster rate so that a slick 
shiny surface results. The metal forms 
salts which dissolve in the solution and 
precipitate or plate out on the cathode. 





by cold rolling. A two-tone effect with vari- 
ous designs can be given by masking certain 
areas during the abrasive operation and prior 
to electropolishing the entire piece. An.- 
other two-tone effect, such as a relief pat- 
tern, can be obtained by selecting electro. 
polishing of a surface having a stop-off ap 
plied in the form of a design. 

Sometimes electropolishing can take off 
burrs from stamped edges of complicated 
shapes and from inaccessible areas more 
readily than mechanical removal. Electropol 
ishing has no particular technical advan- 
tage so that choice of method depends upon 
which is the cheaper. When the deburring 
operation can be combined with the finishing 
operation, the electropolishing method is in- 
variably the cheaper. The deburring of gears, 
tools, fittings, metal stampings and parts that 
have cut edges often can be combined with 
the finishing operation. Stamped articles 
such as spoons, forks, knives, lids, cover 
plates, picture frames and instrument parts 
are hard to deburr by any other means. 

In practically all cases the success of a 
deburring operation is dependent upon the 
size of the burr. Small burrs can be removed 
readily, and the edges can be broken and 
rounded. When large burrs exist, their re- 
moval entails an excessive loss of metal from 
other areas. This reduces the dimensions, 
often below permissible tolerances. At other 
times the quantity of electrolyte required to 
remove the burrs makes the method too 
costly. These objections can be overcome 
by the use of stop-off on the smooth surface 
area if an additional manual operation is not 
prohibitive. 

Generally the removal of the heat scale 
can be done more cheaply by chemical 
pickling in inhibited acid solutions, by sand 
blasting or by vapor blasting. Occasionally 
electropolishing is used for scale removal 
To achieve a satisfactory appearance, the 
scale must be uniform both in chemical 
composition and in thickness. A non-uniform 
scale breaks through in spots, with the re- 
sult that the electropolishing action on the 
metal is greater in those places no longer 
protected by scale, thereby causing an irregu- 
lar surface appearance. Light annealing scale, 
or the light tarnish that comes from spot 
welding, or from mild heat treatment, can be 
satisfactorily removed under electropolishing 
conditions for producing the _ brilliant, 
mirror-like finishes. 

Dimensions on parts can be maintained 
because electropolishing is fast and can be 
controlled to provide uniform removal of 
metal. For example, plated steel and brass 
screws must be slighter smaller than stand- 
ard to allow for electroplating to the proper 
size. Electropolishing uniformly removes 
metal from all surfaces; electroplating un! 
formly adds plating to maintain the dimen 
sional tolerances of standard products. 

In another application a cylindrical part 
was electropolished to remove 0.005 in. to 
0.007 in. of metal from a 1/2 in. diameter 
and yet retain the final dimension within the 
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ELECTROPOLISHING FLOW 
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Alkaline Water Water 
solution 
i.e. & 
Cleaner Rinse Electropo/ish Rinse dry 


———> Steps in Electropolishing Process 





Parts are cleaned before electropolishing either in an alkaline solution and water rinse 


or by a degreasing 


tolerance of plus or minus 0.0002 in. on 
the diameter. Other machining applications 
for electropolishing show that it is prac- 
tical to improve the microinch finish on 
smooth surfaces. A mechanically ground 
steel surface, having a microinch finish of 
50 to 60 r.m.s., has been reduced by electro- 
polishing to a microinch finish of 25 to 30 
r.m.s. Other surfaces with a 5 to 7 r.m.s. 
microinch finish have been electropolished 
to a 3 to 4 rms. microfinish. In metal 
where electropolishing exposes inherent dirti- 
ness such as slag particles, seams and pits, 
the microinch finish may not be improved 
by electropolishing. 


Electropolishing Before Plating 


In its role as a finishing tool, electro- 
polishing holds considerable interest to de- 
signers and engineers, especially where heavy 
plate is to be applied for engineering or me- 
chanical purposes rather than thin plate for 
decorative or protective reasons. Mechanic- 
ally working a metal to prepare it for electro- 
plating introduces heating effects, strains, 
loose fragments of metal and derangement of 
the crystal structure in the surface layers. An 
electropolished surface is: (1) as free from 
strain as the original basic metal; (2) struc- 
turally characteristic of the body of the 
metal; (3) free from metal fragments and 
layers of broken-down crystal structure; (4) 
not influenced by heating effects from the 
mechanical working of the metal surface. All 
of these factors are of great importance 
where the bond zone is subjected to high 
stresses during functional use of a part having 
a heavy electroplate, particularly of iron, 
nickel, and chromium. 

Milling, grinding, broaching and like ma- 
chining operations impair the strength of the 
surface layer beneath the plating. For ex- 
ample, tensile specimens prepared by the 
Ollard test method showed fracture of heavy 
nickel plate on machined SAE-1010 steel at 
only 35,000 Ib. per sq. in. when the steel 
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process. 


was known to have a tensile strength of 
100,000 lb. per sq. in. and the nickel plate 
was known to have a strength of 90,000 lb. 
per sq. in. In other words, the adhesion of 
the nickel plate to steel appeared to have 
failed at 35,000 lb. per sq. in. Microscopic 
examination revealed that the failure was 
actually by brittle fracture through a weak 
layer of the steel surface. Removal of this 
layer by electropolishing, and then nickel 
plating, provided bonds of such strength that 
failure in tension was at 90,000 Ib. per. sq. 
in. entirely in the nickel plate. Consequently, 
perfect adhesion and the maximum bond 
strength were obtained. 

The electrical requirements are equivalent 
to those for chromium plating. Rack designs, 
equipment, ventilation and handling prob- 
lems are also analogous to those of chromium 
plating. Electropolishing has better throwing 
power than most acid-plating baths, so rack- 
ing problems, and work placements are not 
complicated for plant use. Most commercial 
electropolishing is done at tank voltages be- 
tween 6 and 12 volts. 

Electropolishing can be done in fully 
automatic, semiautomatic, or manually oper- 
ated equipment. Single and multistage proc- 
esses can be set up, the latter often including 
cleaning, pickling, rinsing, and electroplating 
or anodizing stages. 


Equipment and Costs 


With an equipment investment of 
$16,000 to $20,000, stainless steel, welded- 
wire shelves, 18 in. x 28 in. can be electro- 
polished at a rate of 200 per hour. The esti- 
mated production cost is under 4 cents 
apiece. 

An autombile windshield wiper arm, which 
has stamped sections of austeritic and ferritic 
stainless steel with extension bars in rolled 
cotton steel and contains inserts and springs 
in carbon steel and other parts of brass, can 
be electropolished after assembly. Clear 
color and attractive luster are produced by 


They are rinsed and dried after electropolishing. 


two minutes of electropolishing of the as- 
sembled unit. A tank 3 ft. deep by one ft. 
by 12 ft. long can handle 750 such arms plus 
3,750 wiper blades per hour. The wiper 
blades may be processed as assembled with 
the rubber squeegee. The total equipment 
investment is about $20,000. Using reason- 
able values for direct charges, an estimated 
production cost for electropolishing is ob- 
tained at an average of 0.5 cent per part. 

Costume jewelry, stamped in brass, is 
electropolished to a clear, brilliant color and 
luster. The contour and relief design of 
such a part offer no practical problems to 
producing a mirror brilliance by electro- 
polishing, costing as little as 0.5 cents a part. 

Refrigerator ice-cube trays of aluminum 
can be electropolished to an attractive, bril- 
liant finish in five-minutes after stamping 
and forming. An anodozing treatment can 
follow with practically no loss of color tone 
and luster. A 3x3 x 10 ft. tank can turn 
out 450 ice-cube trays per hour, using a tank 
current of 6,000 amp. at 15 to 20 volts. 
The total equipment investment is about 
$25,000, and the unit production cost for 
electropolishing is about 3 cents per tray. 
This process electropolishes both the inside 
and the outside of the tray in the single 
operation. Reflectors of aluminum are elec- 
tropolished with such excellent results that 
light reflectivity is superior to that from 
mechanically polished surfaces. In particular, 
short wave-length light, such as ultra-violet, 
is reflected with greater efficiency. 

Small steel parts can be electropolished in 
the quantity of 15,000 per day, 7,000 of one 
type having 0.1 sq. ft. of surface, and 8,000 
of another type having 0.2 sq. ft. of sur- 
face, being processed in a 4x3x13 ft. 
electropolishing tank. This unit handles 
1,875 parts per hour for electrobuffing bright 
nickel plate. The result is a smooth, mirror- 
like, clear-color appearance at a cost of 
around 0.5 cent per part, exclusive of the 
small cost for extra nickel plate thickness re- 
quired for electrobuffing removal. 
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Magnesium Castings for Lightweight 
Portable Engine-Driven Chain Saw 





MAGNESIUM CASTINGS are used in the two- 
cycle engine of a portable chain saw to reduce 
weight. Developed by the Mall Tool Company the 
saw is available in 24, 36, 48, 60 and 72 in. capaci- 
ties. Automatic centrifugal clutch engages the 
motor with the chain saw when the motor is 
brought up to operating speed. ‘Thus, saw stops 
when forced too hard or operator removes hand 
from the throttle. Saw can be adjusted to cut 
vertically or horizontally by adjusting an index 
lever. Saw guide plate is reversible endwise and 
sidewise, thus giving a greater wearing surface. 
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PRODUCT DESIGNS 
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Fan housing Clutch Transmission 
tinpeller 


housing housing 


Crankcase 





Five magnesium castings are used in the engine; fan impeller, 































fan housing, crankcase, clutch housing, transmission housing. 
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Saw is like a band saw but is made up of 
cutters, rakers and links riveted together to 
form the continuous saw. Rakers are shaped 
to fit the sprocket that drives the saw. 
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Clutch 

sane Engine has two mufflers. Crankshaft and con- 
| necting rod are steel forgings and piston and 
--Clytch ecco : WiiMeir KG ---Screen cylinder are aluminum alloy. Roller bearings 

spring mares 2 PASS Y) . Sel are used at both ends of the connecting rod; 
— : . S ye J i iti Magneto one at the crankshaft and two in the piston 





aan bosses. Carburetor is of the single float, plain 

' SSs7 \ 2 tube type. Air enters the carburetor through 

\ , E BS . A a large capacity air cleaner. Clutch is engaged 

| ~l _ c , H CY Fan impelier by centrifugal force of shoes acting against 
J 7g ankcase $$» “zee a } the spring and requires no adjustment 
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Chain Saw 
continued) 


Handle 
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Tension? 


screw P 4 


Washer” 
Tension on the saw is maintained by 
a spring and can be adjusted by turning 
the handle. Tension screw is locked in 
position by a spring loaded pin. Sprocket 
runs on roller bearings. 
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Gage Measures Material 
Thickness With Air Pressure 


MEASUREMENT of sheet metal stock thickness using 
a pressure principle has been developed by The Glenn 
L. Martin Company. Gage consists of an inverted cup- 
shaped shell with a top wall of transparent material and 
the bottom rim edged with a rubber gasket. Dial indi- 
cator mounted inside the shell measures the sheet deflec- 
tion when a predetermined vacuum is obtained within 
the shell. Gage is useful in checking bonds between 
layers of laminated materials. Instrument is calibrated 
for specific materials being inspected. 
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Low Temperature Test Chamber Unit 


TEMPERATURE REDUCTION SYSTEM employing a 
positive pressure blower and piping conveys low temperature 
gases from a cold source to a test chamber that can be 
portable. The cold source can be solid carbon dioxide, 
liquid air or evaporator coils. Developed for the North 
American Philips Co., Inc., by H. N. Brown, the unit was 
designed for temperature-testing electronic equipment. 
Using solid carbon dioxide, “dry-ice,” the unit reduces the 
temperature in the test chamber at the rate of approximately 
one deg. F. per min. in the range of minus 76 to 212 deg. 
F. Test Chamber can be held at any desired temperature 
within this temperature range. 


Gases are circulated by a pump, through a flow con- 
trol valve into the dry-ice tank, where sublimation 
takes place at minus 109 deg. F. Test chamber is heated 
by hot air on strip heaters before temperature reduc- 
tion begins. When flow control valve is closed, pres- 
sure regulator valve opens by-pass piping. Loose cover 
on test chamber allows expanded carbon dioxide to 
escape. 
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Flow control valve is manually operated. Valve acts 
to restrict flow through flexible rubber tubing and 
adjustment permits reduction of temperature at the 


desired rate. Pressure regulator is of the weight- 
loaded diaphram type. Pump is of the positive dis- 
placement double impeller type and operates against 
pressure and suction simultaneously. Electric motor 
drives pump through a V-belt. 
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PRODUCT DESIGNS 


Diesel Engine Crankshaft Grinder 
Uses Two Motors to Drive Crankshaft 


DESIGNED to grind Diesel engine crankshafts bearings during torques, minimizing torsional deflection of work, is indicated 
manufacture and after crankshafts have been in service. ‘lhis by ammeters connected in the motor circuits. The ammeters 
grinding machine, developed by the Landis Tool Company, has also indicate when the crankshaft is in balance. Grinder will take 
each crank head driven by an individual d.c. motor. Motors are crankshafts up to 40 in. diameter and 216 in. long. Single control 
connected through a common driveshaft. Equalization of motor knob adjusts both speed change rheostats. 
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(common knob) taneous equal deflection of am- 
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armature motors. 
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weight Drive shaft Balancing weight~’ 
Crankshaft unbalance is corrected by adjusting the balance of the two ammeters. Crank heads are driven by the drive- 
weights located on the outer end of each crank head spindle. shaft connecting the two motors mounted adjacent to their 
Unbalance is visually indicated by oscillation of the pointers respective crank heads. 








Spring Loaded Balls 
Rotate Engine Valves 













DEVICE DESIGNED to give positive rotation of 









Retainer _--- Valve internal combustion engine valves, has been devel 

lock --~. oped by Thompson Products Company. Called the 

: ‘eal Rotocap, it is installed in place of the conventional 

. ‘ -Valve , , ° ° 

pages spring spring retainer cap and requires no change in the 

p G, retainer locks and neck. Valve sticking is reduced, 

Seating-- : Q since stem deposits are cut from the stem by the 
collar 


rotating action. Parts of the Rotocap are simple and 
d\namometer tests indicate that thev have longer 
life than other parts in the valve mechanism. Tests 
have also shown an increase in valve life of from 


et a -Tappet three to five times when the Rotocap is used. 
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o VALVE OPEN 
Ball-~ VALVE CLOSED 


/ncrease of valve spring pressure 

Load at (1) and (2) deflects spring washer transferring 

load from (2) to (3) causing ball to 

Rotatio roll dlown incline shown in Section Retainer cap includes five circular races in 
_—_——_—»~— 7 


A-A which balls are continually forced to the shal 





low end by small springs. A seating collar 


LIPTING acts as the seat for the valve spring and is 
washer 
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Rotation 
SECTION A-A As valve is opened the valve spring load in 


Developed through ba// pitch creases and further defiects the conical spring 
Afameter 


spun in place over the retainer cap. Between 
the retainer cap and the seating collar is a 


conical spring washer of sufficient strength to 





deflect only slightly when the valve is closed 


washer, flattening it out and forcing the balls 





to roll down their respective races. As valve 


| returns to the closed position conical spring 
| TOP VIEW OF RETAINER CAP 


é washer rises and balls return to their original 
| Balls and spings in valve closed position 
= 


position, thus rotating the valve 
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Zinc Alloy 
Die Castings 
Simplify 





Wallpaper Trimmer 


REDUCTION in the number of parts in a wallpaper trimmer with a screwdriver. Outer and inner cases are zinc alloy die cast- 
has been possible with the use of two zinc alloy die castings. ings. Blade is mounted on a steel arbor in a bronze bushing 
Designed by the Hyde Manufacturing Company, and known as that can be moved to adjust the blade position. Balance roller 
the 777 Century Trimmer, chrome plating of the die castings and is mounted on an eccentric which allows adjustment of roller so 
other external parts adds to its appearance. Trimmer gives a that a right angle cut of the wallpaper can be obtained. Inner 
straight clean cut with every stroke since it can be adjusted to case is held in position by a screw located in the rear plunger. 
cut the paper at right angles. Trimmer can be disassembled The two plungers align the inner case in the outer case. 





Outer case ie : * hm 
é a 


Cutter adjusting 
bushing 






Locking 
collar 
Plunge: . % 
Screw 
n - bp oe é 
Pi 
~~ 


Cutter te ?y 
arbor ——Pf y 
has ff 


inner case 





Plungers * 
; 
Fitting in Blade 
outer case 
&. 

Eccentric 

adjusting 

screw 

\ \ Eccentric 
4 ee \ ae. 
‘ y : Bbavance 
So ‘ eo roller Roller 


screw 





Plunger 


springs Angle guide screws 
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PRODUCT DESIGNS 


Attachments Driven by Flexible Shaft 
In Compact Manicuring Device 


THE Beautiator Electrical Manicurist developed by Abar Manu- 
facturing Company has five attachments; a file for nail shaping, 
a wand for cuticle rolling, a whisk for removing adhesions and 
dead skin from the base of the nail, an oil buffer for massage, 
and a dry buffer to remove all traces of moisture or oil film. 
File is a circular disk of garnet paper, fastened, by a bayonet 
lock, to the attachment. Felt buffer pads are screwed into the 
attachment by special threads inside the head. Wand has a cam 
arrangement inside the cylinder of the attachment that gives a 
reciprocating motion of 0.025 in. per revolution of the motor. 
Automatic clutch mechanism allows rapid engaging and disengaging 
of attachments while the motor is running. Attachments are housed 
under a hinged cover on the top of the machine. 








Drive motor is of 1/200 hp. and operates at 
1,670 r.p.m. Motor speed is controlled within - 
plus or minus 15 r.p.m. with or without : ll 
proper operational load. Fan on motor shaft = 
























































draws air for cooling from beneath the cabi- — — . Motor | 
net, around the motor, and out through a s Vem 4 
louvres in the back of the cabinet, where it ——=—— ie Fan 
can be used to speed the drying of nail oa onnection to 
polish. Cabinet is molded from urea for- a Pa in A / Motor shatt 
maldehyde plastic. . — ee — : 
/ @ m v4) () Flexible 
fo 0 , > | shaft 
i kes 
switch 
| > - : | 
Flexible shaft is connected to the motor - Win pw 
shaft by a sliding shaft coupling that is MI). N eae hand piece 
hexagonal in shape. Other end of flexible 7 Tra ("7 54 " . 
shaft contains the automatic clutch mech- Pre | x 
anism. Sheath is protected from sharp . x. ‘des 
bends at the handpiece and motor ends by i - SS 
a protective outer sheath. ~ P ee ae | 
| ‘Rubber foot 
/ a Pr / ° : 
pote pe oA Locknut —-, Outer / Flexitle / sah 
/ / ' sheath ~. { she tt Py Hanapiece 
/ 4 / 
/ } 
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FREEZING UNIT extends full width of the 
food compartment and is completely surrounded 
by freezing coils in the 1946 model refrigerator, 
manufactured by the Gibson Refrigerator Com- 
pany. A second full width compartment is located 
directly below the freezing unit and is used to 
chill foods and beverages. Design decreases shelf 
area taken up by defrosting receptacles that are 
eliminated in this model. Use of the full-width 
freezer design allows the temperature and humid- 
ity to be controlled by slowing down the air circu- 
lation thus eliminating condensation and drip- 
ping. Temperature in food compartment varies 
only 3 deg. between any two locations. Cabinet 
is of electrically welded steel construction. 


Refrigerating system uses Freon-12 as a re- 
frigerant. Compressor is hermetically sealed. 
Condenser has natural-draft finned tubing 
with all joints silver-soldered. Evaporator 
is of plate, tube and boiler construction and 
is copper-plated 
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1946 Gibson Refrigerator 
Has Full-Width Freezer 


and Chilling Compartments 
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Compressor (left) is of the reciprocating 
scotch-yoke type and has no shaft seals. 
Motor, of % hp., is equipped with an over- 






















—Crankcase cover load relay. Although hermetically sealed, 
si Suction pickup the compressor can be easily serviced. Cyl- 
_ tube inder head, head valves and cylinder can be 


removed with capscrews located in the 










































Rotor cylinder head. Cross slide and piston can 
Stator be serviced by the r ral of the bas 
Crankcase aa winding Ss Af 5 - remova oO 1€ ase. 
: y, Crankcase cover is screwed on and can be 
sane Hi-side “Y” removed. Neoprene seal is used between 
earin 2 ° 
Jog fitting the motor and cap. 
a 
Mofor Ai Counter 
terminals ow 
yy practi 
Part of . 
Dial knob-~~~_ ak 
\ P crankshaft) a aie, I shatt 
i.% aa Suction poser —; (_---Lock washer 
* ouvnTtin a 
46 ci inlet to Pair ot \ ais -Cam 
a ‘ ¥ ° e 
| 3, 4 head Rivet~. ey aw clip 
Suction Valve Pee, iM / --Rarige 
“T” fitting plate Owe) a spring 
osseml Bellows ~iieal 
Motor feet P ‘ pivot 7 cover 
Cy/inder point ~ih - 
ms he Aead -- Rear 
. | Front toggle 
« 
i toggle -t -Togg/e 
RE sl b spring 
a A : Piston Cy/indler ies 
Crankshatt Cross Slide pin si or 
(Scotch yoke) ver Main 
contact Pap 





Temperature control (right) has a 14 point selective switch. Tem- 
perature changes actuate a bellows that acts through a lever to open 

or close the toggle switch. Dial knob controls spring tension on be!l- 
lows lever thus changing temperature at which bellows will actuate | 
the toggle switch. 


insulator 








Germicidal Lamp 
Has Plastic 
End Fitting 


; 


GERMICIDAL LAMP developed for butcher 
store, refrigerators and showcases by the Sanilite 
Company has plastic end fixtures made from a 
phenolic molding compound. One fixture con- 
tains a small transformer and the other, the auto- 
matic starting mechanism. The two plastic cups 
that make up the end fixtures are filled with a 
nonhygroscopic dielectric material in which the 
electrical parts are embedded. Stainless steel rods 
carry the wiring between the ends of the lamp. 


* 








Durez Plastics and Chemicals, Inc 
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Redesign Improves Appearance 
And Reduces Tray Syphon Cost 


IMPROVED APPEARANCE and a 40 percent reduction in cost 
has been effected by the Eastman Kodak Company in the rede- 
sign of their Kodak Automatic Tray Syphon. 
molded in grey cellulose acetate plastic. Nut-like rubber wedge 


New model is 


that held the old model in place on the tray has been replaced 
by a stainless steel spring in the new model. Construction has 
been simplified and requires that only two halves be cemented 
together. Old design required the fitting together of three units. 








Random Notes on Reconversion 


Studebaker has announced their new 
1947 models in the Champion and Com- 
mander lines. Some of the outstanding 
new body styling, self- 
adjusting brakes, two section propeller 
shaft, box-section frame with front and 
rear kickups, interchangeable connect- 
ing rod bearings, new spring mounting 
with spring ends floating on rubber 
cushions, and improvéd body mounting. 
These cars will be described in the 
Product Design section for July. 


features are 


Neoprene synthetic rubber is being for- 
mulated with abrasive particles into tiny 
resilient pellets that act as grindstones 
to smooth the rough edges of metal 
stampings, castings and precision-ma- 
chined parts. Pellets are also used in 
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tumbling barrels for deburring parts 


made of brass, steel or the light metals. 


* ” * 


Fluorescent lighting fixtures designed 
primarily for use in kitchens and bath- 
rooms have been announced by Syl- 
vania Electric Products, Incorporated. 


~ * * 


Safety school bus that will conform with 
the standards of different states has 
been announced by Reo Motors, Inc. 
Tooling is underway and production is 
expected soon. 


Conventional type wringer washer has 
been dropped by the Westinghouse Elec- 
tric Appliance Division, because pro- 


jected costs of manufacture indicated 
that it would be impossible to sell at a 
competitive price. However, Westing- 
house will make a complete line of auto- 
matic washers under the name of Laun 
dromat. 


New lamp developed by the Westing- 
house Lamp Division is the most bril- 
liant ever developed for commercial use. 
Consisting of a 1000 watt tubular bulb 
the lamp uses mercury vapor as a light 
source. 


* * + 


Nylon bristles are again being used in 
nine types of ‘brushes for home use 
Combs made of nylon are also available 
and are virtually unbreakable and can 
be cleaned in boiling water. 
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Standards Cannot Stagnate Progress 





OBVIOUS BENEFITS that have resulted from interchangeable bolts, 
nuts, lamp sockets, spark plugs and many other items have created the incen- 
tive to apply the principles of standardization generally. Recent announce- 
ment of the expansion of the activities of the American Standards Associa- 
tion to include standardization of manufactured consumer goods is an 

indication of the trends in that direction. Some engineers alarmed by this 
trend, have expressed the fear that national standardization will be car- 
ried to such extremes as to stagnate design progress by preventing the 
engineer from exercising his originality and ingenuity. 


Two groups are required to establish the industrial acceptance of a 
standard. One draws up the standard; the other puts the standard into 
effect. If the designer refuses to recognize a standard, no power other 

than economic pressure can compel him to observe it. Cost considerations 

1 or marketing requirements may make it profitable to adopt a sound stand- 

ard, but if the use of the standard cannot show a profit to the manufac- 

- turer or the user of the product, it will be ignored and factually will not 
be a standard. Such unwise and unrecognized standards are sometimes 
an annoyance, possibly creating some confusion, but they never prevent 

4 the designer from improving the product. 

Unwise standardization that tends to choke progress destroys itself. 

Sound standards grow of their own strength and contribute to progress. 
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Fundamentals of Servomechanisms 


How to Select and Apply Them 


S. W. HERWALD 


Central Engineer, Westinghouse Electric Corporation 


Functional elements of servomechanisms are explained and illustrated by several 
typical examples. Characteristics of fourteen types of error detecting systems, 
nine types of amplifiers, and six methods of error correction are charted, 
compared, and discussed, along with some hints on designing servomechanisms. 


RECENT DEMAND for precise control of 
position and speed in industry has resulted 
in increased use of servomechanisms for 
controlling sectional paper mill drives, steel 
rolling mills, tracer milling machines and 
other industrial applications. During the 
war, these same principles solved many dif 
ficult control problems in new developments 
such as gunfire control, automatic pilots, and 
radar antenna positioners. 
Servomechanisims are a class of automatic 
regulators that perform the basic function 


A servomechanism is used to position the sheet on this paper machine. 


of keeping a regulated quantity matched 
to a reference quantity. Four important 
required characteristics of this type of con 
trol are 1) fast response, (2) high ac 
curacy, (3) unattended control, and (4) re 
mote operation. Although there are many 
simple servomechanism applications, such 
1s a thermostat controlling the furnace that 
heats a home, these four characteristics are 
increasingly significant as the difficulty of the 
control problem increases. 


\ servomechanism consists of three basic 








elements: (1) An error detecting device; 
(2) an amplifier; and (3) an error correct 
ing device. 

\s shown in Fig. 1, each serves a func 
tional purpose in matching the regulated 
quantity to the reference quantity. The 
error detecting device determines when 
the segulated quantity is different from the 
reference quantity. It then sends out an 
error signal to the amplifier which in turn 
supplies power to the error correcting de 
vice. With this power the error correcting 
device changes the regulated quantity so 
that it matches the reference quantity. The 
closed loop in Fig. 1 comprised of the error 
detecting device, the amplifier, the error cor 
recting device, and the regulated quantity, 
is characteristic of all servomechanisms. 

Any quantity can be regulated, such as 
voltage, speed, temperature, position, direc- 
tion or torque. Any quantity also can be 
used as a reference quantity. The reference 
quantity need not be the same as the regu 
lated quantity provided the proper error 
detecting device is employed. For example, 
it is possible to control the speed of a tu 
bine so it will vary linearly with outside tem 
perature; the speed of the turbine being the 
regulated quantity and the outside tempe! 
ature being the reference quantity. How 
ever, most practical problems want to match 
two similar quantities, such as regulated 
position against a standard position, 0! 
regulated speed against a standard speed. 

The error detecting device of Fig. 
measures both the reference quantity and 
the regulated quantity, as indicated 
A and B, and detects when they 
not similar. When they are not sim 
lar an error signal is produced, rept 
sented by e if the output is electrical, ot 
if the output is mechanical. The measuring 
units within the error detecting device m 
be the same. For example, in the case 
the turbine governed by outside temp« 


ture, if the temperature is measured as 


1 
+ 


function of voltage by a thermocoupl 
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the speed of the turbine is also measured as 
a function of voltage by a tachometer per- 
haps. When the voltage representing the 
reference quantity or outside temperature, is 
compared to the voltage representing the 
regulated quantity or speed, the difference 
obtained is also a voltage. This small differ- 
ence voltage is the error signal. It varies in 
magnitude with the amount the turbine 
speed is different from the required speed for 
a particular outside temperature, and it has a 
polarity depending upon whether the tur- 
bine speed is higher or lower than the 
required speed. 

In Fig. 1, the amplifier is merely a means 
of using the low power level signal e or x 
from the error detecting device to control 
the error correcting device, represented as 
load L. Typical industrial devices such as 
generators, valves, relays, and _ electronic 
tubes are commonly used as amplifiers in 
servomechanisms. 

The error correcting device of a servo- 
mechanism actually does the work of regu- 
lating by producing an output C, as shown 
in Fig. 1. The error detecting device and 
amplifier serve only as a means of properly 
controlling the error correcting device so as 
to make the regulated quantity match the 
reference quantity. ‘Typical error correcting 
devices include electric motors, gas engines, 
hydraulic pistons, and fuel burners. 

The disturbance sliown in Fig. 1 repre 
sents load variations affecting the regulated 
quantity; for example, the generator voltage 
drop with load for a voltage regulator, or 
the temperature drop in a room with de 
crease in outside temperature for a tempera 
ture regulator. 

Applied control as shown in Fig. 1 is 
the controlled variation of the reference 
quantity in order to obtain desired changes 
in the regulated quantity. A common ex 
ample of applied control to the reference 
quantity is the change in setting of a room 
thermostat, thus changing the reference 
temperature for the room. Both the applied 
control and the disturbances to the regu 
lated quantity are independent, and upset 
the previous existing balance between the 
reference quantity and regulated quantity. 
Servomechanisms restore this balance be 
tween reference and regulated quantities 
continuously and automatically. 


Error Detecting Devices 


The error detecting device has a great 
number of practical forms, and some repre- 
sentative types are given in Table I. Each 
error detecting device, regardless of whether 
it is electrical, hydraulic, or mechanical, 
performs three distinct operations: 

1. Measurement of the reference quan- 
~~, designated by A, 

. Measurement of the regulated quantity, 
de signated by B, 
3. Produce an error signal, designated 


(Continued on page 468 ) 
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Applied 




















A = meosurerent of reference quantity 

B = measurement of regulated quantity 

e =oulput /f error is electrical quantity 
or x, if mechanical quartity 

L = Output of arnplifier 

C = owfput of error correcting device 








FIG.2-TYPICAL SERVOMECHANISMS 


control FIG.1—BLOCK DIAGRAM OF FUNCTIONAL 
ELEMENTS OF SERVOMECHANISMS 
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Table I—Typical Error Detectidpeyics 


























































































































































































































































































A=Measurement of reference quantity 
B=Measurement of regulated quantity Main 
e=Error output, electrical No.| Type cial Operation 
‘ Application No 
2x=Error output, mechanical . 
For specialized reference letters refer to 
description of device in Table I 
Z —————— 
+ ; + | D.c. ad Error voltage, e, appears whenever the position of th movi Po! 
| or A.c. Position control arms of the potentiometers A and B are not matched. The sa lhel 
G) resistance power source, E, is applied across both potentiometers. A me lrot 
= Fi » | bridge ures reference position as a voltage and B regulated position | 
— | a voltage; difference is e. } 
Gen. - A Gen. — B | | 
« aA —— 
a D.e. Speed control Error voltage, e, appears whenever the speeds of tachometers Ret 
x | tachometer and B do not match. Tachometer A measures reference speed bat 
bridge a voltage and B regulated speed as a voltage. The voltage diffe } 
e ence is e¢. } 
ies ea 
band | Error voltage, e, appears whenever the relative position | Fo 
A.c. Position control, | rotor A and stator B is not matched. Rotor A measures refe ase 
©) magnetic particularly for | ence position magnetically and stator B regulated position ma line 
bridge gyro pickups where! netically. Voltage E, across the exciting coil, L, provides ¢ lox 
very small forces | magnetic energy. When the rotor covers unequal areas of ea 
are available | exposed stator pole (unbalanced magnetic bridge) the picky | 
| coils M and N have unequal voltages induced. The difference 
the voltages is e. 
/ , ‘ 
r yf r : : ’ 
Roto Stator Roto } Error voltage, e, appears whenever the relative positions of th A 
Synchro Synchro control A.c. Position control rotors of synchro-generator, A, and synchro-control tra nsforme the 
generotor transformer © synchro- | where continuous B, are not matched. The reference position is measured by A ap 
system rotation is desired | a magnetic flux pattern which is transmittd to the synchr sp 
| control transformer through the interconnected stator windingj lac 
| If the rotor of B is not exactly 90 deg. from the transmitta | 
flux pattern, e is produced. 
Reference 
osei//ator — 
. Error voltage, e, appears whenever the reference and the reg M: 
Frequency | Frequency control | lated frequencies are not matched. Tube channel A_ produces if 
bridge | | filtered sawtooth wave that gives a d.c. voltage inversely y 
a, | | portional to the reference frequency. Tube channel B produce 
| similar voltage as a measure of the regulated frequency, 1 
| difference of these d.c. voltages is e. 
6 Error voltage, e, appears whenever the regulated temperat Al 
© Millivolt Temperature | differs from the reference temperature. The regulated ten lot 
bridge control | perature is measured as a voltage by the thermo-electric effe | as 
} | of two dissimilar metals, B. The reference temperature is rep | 
| | sented as a voltage from the battery-potentiometer source A. T } 
difference in these voltages is e. 
\ ° 
\ 4 
N x Error voltage, e, appears whenever the movable shutter is in 0) . 
NS A; ‘ | Photo- Position control position other than the desired reference position. The lig ot 
= 4 | tube by intercepting reaching phototube, B, is a measure of the shutter position. Th be 
= = | bridge a light beam light is measured as a voltage by the phototube current vari 
Zz Ss \ tion with light intensity. A reference position of the shutter 
Z N } represented by the battery-potentiometer voltage. The diffe | 
7 N A | ence of these voltages is e. 
| 
, a 
| ; ; ; 
Reference point | Displacement x appears whenever the relative reference a! ®)s 
© Mechanical| Position control ‘ regulated positions change. Reference — is measured as @ | 
differential] and speed control | angle by one side of the differential, A, and regulated positit | 
as an angle by the other side of the differential, B. The diffe 
, Briable x Refs ence in the two positions rotates the middle member ef t! 
force, B > ererence differential giving displacement x. | 
y re) \ poirrt | 
oc—or es @ 
Q) Beam Voltage control, Displacement x appears whenever the variable force is diffe! A 
balance speed control, and | ent from the reference force. The variable force, B, and th ls 
— tension control reference spring force, A, are measured as moments. The differ 
7 ence in these moments produces displacement <. | 
Reference Spring I 
ey nae. force, A — 
adjustment Displacement x appears whenever the regulated speed, fF LO 
6) Modified Speed control, fers from a desired reference speed. The mamonenee putt ls 
beam such as flyball represented by a spring force, A, about fulcrum, The re } 
balance governors lated speed is measured by the centrifugal force ay the mass, | 
about O. The difference in the moments of these forces about 
produces displacement zx. 
Adjustable reference point A ra g 
Birneta/, B hs A x & Displacement 2 appears whenever the surrounding temperatu F 
> ' yw: @) Bimetal Temperature and the reference temperature are different. The reference te . " 
’ i. ' control perature is represented by the position of the adjustable refer 
> ? Y ence point, A. The surrounding temperature is measured by 
' position of the bimetal strip, B. The difference in these position 
Adjustable produces displacement x. 
@ reference —. 
Ta) c 
] point, A <a Displacement x appears whenever the regulated 1 sme level ) 
Liquid level the reference liquid level are different. The reference : 
padi sepia control level is represented as a position by the adjustable a 
pvuint, A. The liquid level is measured as a position by the fioa 
B,. The difference in these positions produces displacement 2. 
—. 
x A A Displacement x appears whenever the regulated s ema (| 
rs ~o Bellows Pressure control pressure and the reference pressure are different. The er sene 
v . © and temperature pressure is represented as position by the adjustable page 
\: control point, A. The surrounding pressure is measured by the ol 
Adjustable as a position. The difference in these positions produces disp 
reference aan 
Internal point, A ~ 
pressure ~ Displacement x appears whenever the regulated pressure — §) 
¢ Bellows, B Piston Pressure control of the variable pressure pump and the reference saat 
different. The reference pressure is represented as a force 0 











Surrounding 
® an 5 a pressure 














piston by the standard reference spring, A. The regulated, a 
sure is represented as a force on the piston by the 
difference in these forces produces displacement ~. 
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vices and Their Characteristics 











Possible Modifications 


No. 


Operating Features 





Accuracy 
Limited By 





Factors Determining 
Energy Required To 
Vary Reference 
Quantity Measurement A 



































Frequently Used With This Device | 





No. 


in Table II 


of Amplifier 


No. of Error 


Correcting Devic) 


in Table ITI 






















































































+ + iin + 
the pti @ Potentiometer can be wound on a A and B can be remote. Potentiometer winding. | Contact arm 2,3, 4,5 1,2,3 
d. The sa jhelix to get more than 360 deg. of Continuous rotation not possible. | Sushing friction. 
‘a A me jrotation. 
Os } | | 
Position | | 
| | | 
we | ] 
chometers Reference A can be replaced by a | 1 and B can be remote. Tachometer accuracy Brush and bearing fric- 2 | 1,2,3 
nce speed battery. Top speed limited by commutator. Commutator resistance. | tion. | 
oltage diffe } | 
| | | 
| 
ae | | | 
position i\Four poles instead of three can be | Limited rotation. Machining tolerance. Load taken. from « 2,4 1,2,3 
asures refe used with two having exciting wind- Air gap usually small Magnetic fringing | Bearing friction. 
osition ma ings and two pickup coils connected Voltage phase shift. } 
provides ¢ bucking. | 
reas of ea | | 
the pick | 
difference | 
} 
| 
| T —_ 
sitions of th A dual system can be used whereby Unlimited rotafion. Machining tolerance. Distributed or non- .. 4 2. 
transforme |the unity synchrosystem sets the The synchro-generator and control Accuracy of winding distributed winding of 
ured by A approximate position and the high transformer can be remote. distribution. control transformer ro- 
the synchr |speed, or vernier system, sets the tor, Load taken from « 
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Table II—Typical Amplifiers and Their Characteristics 
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Input Units, Ovtput Units Power Amplification Devices Repre- 
No. Type “Gate’’ Element . a 
yP . Approx. \pprox. Factor, Approx. sented by Load, L Power Control 
Relay motor, gener- 
® Contact Contact Ounces Watts 10 X 106¢ ator field, impe- On-off 
dance, solenoid 
Relay motor, gener- 
Q@) Relay Contact Watts Watts or kilowatts 10 X 102 ator field, impedance, On-off 
solenoid 
@) Generator Field Watts Watts or kilowatts 50 Motor impedance Continuous 
————EE ae 
® Electronic tube Grid Microwatts Watts 10 X 104 Relay, motor, genera- Continuous 
tor field, impedance 
©) Saturable reactor D.c. coil Milliwatts Watts 300 ne aanoega oan, im Continuous 
pedance 
© Silverstat Contacts Grams Watts 10 106 t Generator field, im- Stepped 
pedance 
® Valve Valve gate Inch-pounds Horsepower 10 X 106¢ Turret, press, heat Continuous 
absorption 
Throttle Throttle valve Inch-pounds Horsepower 10 X 106¢ Propeller, vehicle, Continuous 
generator, mill 
@) Clutch Clutch disk Inch-pounds Horsepower 50 103 t Vehicle, mill On-oft 
‘ 
P= Power source eluy tf setecti — a f lif ’ t i 
, += rom error detectin vice ,=Out amplifier, or ) srror correc vice 
@=Contrel clement of amplifier x § npu rom error detec g£ de utput of ampliher, or input to error correcting device 
Contacts can be arranged to Pp 
either open or close circuit | | | | 
p 
=f 0 = Motor — Co L. 
L TOK = er? 
» 
e = 
i 7 G 
we —_ 
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by e if the output is electrical, and by x, if 
the output is mechanical. 

The d.c. tachometer bridge, No. 2 in. 
Table I, is a typical example. Tachometer 
A measures the speed of a reference as a 
voltage. The speed of the device being 
regulated is measured by tachometer B as a 
voltage. The voltage outputs of tachometer 
A and B are opposed. Voltage e appears 
only when the speed of B is different from 
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the speed of A. Thus a definite error in- 
dication is established. 

Ihe characteristics of an error detecting 
device that are of greatest importance to 
designers and engineers are: (1) Energy 
required to measure reference quantity, 
(3) size, and (4) reliability. 

The greatest degree of design ingenuity 
can be exercised in the selection of an 


= 
(2) accuracy, 


error detecting device, since many special 


arrangements are possible to decrease oper- 
iting forces or to increase accuracy. For 
example, a dual synchro-system will increase 
accuracy. In this arrangement one synchro- 
system, such as No. 4 in. Table I, is geared 
it unity to the reference and regulated 
ingular positions. A duplicate synchro-system 
is geared to the reference and regulated 
ingular positions at some higher gear ratio 
which is usually odd, such as 15 or 31 to 
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one. When the angular discrepancy is large, 
the unity system takes control and through 
the amplifier and the error correcting device 
brings the angular positions into approximate 
agreement. At this point the vernier, or 
high speed system, takes over control of 
the amplifier and the error correcting device 
and precisely matches the regulated position 
with the reference position. The vernier 
system can not be used alone since it has 
as many matching points as its gear ratio 
is above unity. 

The peculiar traits of mechanical, elec- 
trical, or hydraulic error detecting devices 
can also be used to advantage. For ex- 
ample, magnetic saturation can be used to 
obtain a particular variation of error voltage 
with error. Similarly, a non-linear mechani- 
cal linkage could be used. 


Amplifiers 


Some typical amplifiers are shown in 
Table I]. The broad similarity of all the 
amplifiers is apparent since each contains 
a “gate” element G that controls power 
flow from the power source P to the load L. 





Each of these gates is a low power or small 
force element as compared to the power they 
control. For example, the contact, No. 1 
in Table II, requires only ounce-inches to 
operate but can control many watts to the 
load. For high amplifications single ampli 
fiers can be cascaded. Referring to Table II, 
a series composed of an electronic tube, No. 
4, a relay, No. 2, and a motor operated 
throttle, No. 8, would provide tremendous 
amplification. Microwatts could control 
thousands of horsepower. In servomechan- 
ism applications the load L taken from the 
final amplifier always represents the error 
correcting device. The difference in the 
power available as an error signal and power 
required to correct the regulated quantity 
determines the amplification necessary. 

Many devices such as contacts, throttles, 
or valves have their power input determined 
by the time required for operation. A 
clutch, for example, requires inch-pounds 
in a certain time to control horsepower. 
Therefore in the amplification factor column 
of Table II, time factor t is included. 
Thus the faster the clutch is operated the 
less its power amplification. 


Table III—Typical Error Correcting Devices and Their Characteristics 


Error Correcting Devices 


Error correcting devices including motors, 
engines, and pistons as shown in ‘Table III, 
are probably the most familiar of the three 
components of a servomechanism. Every 
error correcting device in a servomechanism 
has its power input L controlled by an am 
plifier and it in turn uses that power to 
correct the regulated quantity. This cor 
rection of the regulated quantity is desig 
nated by C as shown. 

Many present-day servomechanism appli 
cations are the direct outgrowth of replacing 
an operator as an error detecting device 
The automatic voltage regulator is a good 
example. With manual voltage regulation, 
the operator uses a meter to measure the 
regulated quantity, voltage. He detects the 
difference in needle position from a fixed 
reference position and adjusts the field rheo 
stat to realign the needle with the reference 
This procedure is carried out in exactly the 
same manner by the automatic voltage regu 
lator. It balances the force of a coil that is 
a measure of line voltage against the force of 
a reference spring. When these forces are 








No. Type 


Input Energy 


Output Energy 


Output Power Range, Approx. 









































G) Electric motor 























@) Electric motor Electrical Mechanical rotation . to 40,000 hp. 
| LOO 
) 
| 
(@) | Solenoid Electrical Mechanical translation oles to 15 hp. 
| 1.000 
| 
T 
G) } Hydraulic motor Hydraulic Mechanical rotation om i to 110,000 hp. 
L00 
T 
: | 1 
© Piston Hydraulic | Mechanical translation — tv 1,000 hp. 
| ooo 
a 
©) Steam or gas prime mover Heat or chemical (fuel) Mechanical rotation 5 to 165,000 hp. 
) Burner Chemical (fuel) Heat 100 to 150,000,000 
B.t.u. per hour 
L= Output of amplifier C=Output of error correcting device 
A itt Ab = 
ee 
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unbalanced an error in line voltage is de- 
tected. ‘The movement resulting from the 
unbalanced forces produces a change in field 
excitation which restores the line voltage to 
its correct value. 

Similar comparisons can be made in the 
case of automatic speed governing, liquid 
level control, temperature regulation and 
many others. In all of these applications 
the servomechanism is more accurate and 
faster since the human transient response 
is inferior as compared to a well designed 
servomechanism. 


Designing a Servomechanism 


The design of a servomechanism system 
is usually separated into the same three basic 
functional elements as in Fig. 1. The de- 
signer must select: (1) An error detecting 
device, (2) an amplifier, and (3) an error 
correcting device that function compatibly 
with each other and perform the required 
job. 

Aside from the usual cost and reliability 
factors, accuracy and operating force or 
power determine the selection of the error 
detecting device. The amplifier is chosen 
on the basis of required amplification and 
time delay introduced. The error correct- 
ing device is determined by the regulated 


quantity and ease of coupling to the selected 
amplifier. Many different error-detecting, 
amplifier, and error-correcting combinations 
can be assembled to fill any servomechanism 
application. Quite often there is little to 
choose between them, and the final choice 
is often merely the one with which the 
designer has had the greatest experience. 
Tables I, I] and III are helpful for devising 
servomechanism systems. For example, sup- 
pose it is desired to regulate angular position. 
With relatively low accuracy, a d.c. or a.c. 
resistance bridge and a relay, or a mechanical 
differential, a contact, and a clutch could be 
used with an electric motor. Higher accuracy 
could be obtained by using an a.c. synchro- 
system with an electronic tube, a generator, 
and an electric motor; or by using an a.c. 
synchro-system with an electronic tube, a 
valve, and hydraulic motor. Each is a com- 
plete servomechanism and each has its proper 
place in meeting desired performance re- 
quirements. The components can be chosen 
from the tables. The power of the error cor- 
recting device is determined by the rate at 
which it is desired to vary the regulated 
quantity. This rate of varying the regulated 
quantity also determines the transient errors 
and to a great extent the tendency of the 
entire servomechanism system to “hunt.” 
Hunting, or self-induced oscillation of the 





regulated quantity without change in the 
reference quantity, is a problem that com- 
plicates all quick response high accuracy 
servomechanisms. Any closed loop system, 
such as shown in Fig. 1, where the output 
feeds back into the input has a tendency to 
oscillate. However, the inherent damping in 
the simpler servomechanisms is usually great 
enough to overcome this tendency and the 
system is stable. Where accuracy and re- 
sponse requirements are not too severe a 
servomechanism of this self-damped type will 
perform satisfactorily. To meet the more 
exact accuracy requirements, special anti- 
hunt circuits are used to give increased 
damping. 

Detailed performances and stability calcu- 
lations are not necessary to understand servo- 
mechanism operation. Principally, all that is 
required is a clear understanding of Fig. 1. 
The interrelations shown of the reference 
quantity, error detecting device, amplifier, 
error correcting device, and regulated quan- 
tity, provide the basis of all servomecha- 
nism. From combinations of items in Tables 
I, II and III a large number of servomecha- 
nisms can be devised. With future require- 
ments greatly increased for high accuracy, 
fast response, remote operation, and unat- 
tended control it is expected that many more 
servomechanism applications will be made. 





Case Histories In Patent Law 


[Epitor’s Note: These explanations of the 
law in specific patent cases are not intended 
to supplant the services of a patent attor- 
ney, whose accurate advice is necessary to 
handle individual patent problems. The 
purpose of these explanations is to give a 
better general understanding of patent law.] 


NO. 2 


‘QUESTION: Can a patent be declared in- 
valid because it is indefinite? 


ANSWER: One of the principal grounds 
of modern courts in arriving at a decision to 
invalidate the patent has been the indefinite- 
ness of the claims. It is only a matter of 
good faith that a patentee should define the 
property which has been granted to him as 
a monopoly with clear and precise terms. If 
you are receiving a piece of property by 
grant through a real estate deed, you would 
be very careful to see that the grantor de- 
fined by metes and bounds and by well 
defined distances the property vou were to 
buy. And so it is with a patent. 
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The Supreme Court said recently in 
United Carbon Co. vs. Binney & Smith 
Co., 317 U. S. 228, an invention must be 
capable of accurate definition and if it is 
capable of accurate definition it must be 
accurately defined to be patentable. In 
other words there are two tests: First, any- 
thing that cannot be accurately defined is 
not an invention that is patentable and any- 
thing that is not accurately defined does not 
become a good patent. For instance, a 
patentee may not broaden his claims by de- 
scribing his product in terms of the things 
it does, that is, in terms of function. 

A claim which said “Substantially pure 
carbon black in the form of commercially 
uniform, comparatively small, rounded, 
smooth aggregates having a spongy or porous 
interior” was held by the Supreme Court to 
be invalid both because it was indefinite and 
because it attempted to define an article 
in terms of function. 

As the Supreme Court said, ‘““The claims 
are but inaccurate suggestions of the func- 
tions of the product, and fall afoul of the 
tule that a patentee may not broaden his 


claims by describing the product in terms of 
function.” 

The use of words such as “substantially,” 
“commercially uniform,” “Comparatively 
small,” and similar comparative but indef- 
nite terms creates fatal defects in the claims. 

Because obviously it is important to 
know exactly what the patentee claims so 
that a man may honestly avoid taking this 
property. Equal candor is necessary on the 
part of the patentee to define what he thinks 
is his property. For instance in one case the 
patent claims called for a radiator lighter 
than cast iron but at the trial it was demon- 
strated that certain cast iron radiators were 
lighter than the copper radiator which the 
claim sought to cover by this indefinite 
terminology. The patent was defeated 

Likewise in the balloon tire case, balloon 
tires were defined by relative terms as tO 
size. The court held that the patent cover 
ing the balloon tires was invalid because it 
was based upon a comparative set of terms 
which had no definite limitations as [0 
where the limits started and where they 
stopped. 
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Design of Groove-Form Screws 
With Ball-Bearing Nuts 


VLADIMIR L. MALEEV 


Research Engineer, Harvey Machine Company, Inc. 


Consecutive steps in the design of power screws with ball-bearing nuts. 


Equations 


are given for determining the column stiffness of screw, lead of the screw based on 
strength of thread, length of nut based on permissible deviation of the free end 
of the screw, and allowable normal load on the balls by means of Hertzian constants. 


LOADS of tens of tons are not uncommon 
on the power screws used rather extensively 
for aircraft contro]. In power screws with 
ball-bearing nuts, hard polished steel balls 
roll between the threads of the screw and 
those of the nut thus introducing rolling 
friction in place of sliding friction found in 
the conventional screw and nut. 

Loss sf work caused by friction is un- 
desirable in any power screw and becomes 
particularly objectionable when the power 
transmitted is large. If 4 is the helix angle 
ind f is the friction coefficient, the efficicncev 
» of an ordinary screw and nut with a 
rectangular thread is 

n = tan A (] —f tan A)/(tan A + f) (1) 

In standard single-thread screws, \ ranges 
from about 7 deg. for 1/4 in. dia. screws to 
3 deg. for 4 in. dia. screws. The sliding fric 
tion coefficient f usually lies between 0.10 
and 0.15 and at best is not less than 0.05. 
With these values substituted in Equation 
(1) » ranges from 71 to 26 percent. 

By introducing rolling friction in place of 
sliding friction, the efficiency is improved. 
The coefficient of friction between hardened 
steel balls and races ranges from 0.0003 to 
0.0015. (Rosenfeld, L., “Friction of Ball 
and Roller Bearings,” Engineering (Lon 
don), September 29, 1944, p. 257.) Equa 
tion (1) gives a theoretical efficiency of 97.2 
percent for the extremely unfavorable values 
of f equal to 0.0015 and A equal to 3 degrees 

A typical screw with ball nut is shown in 
Fig. 1. The thread grooves have a semi 


circular cross-section; the nut has a circuit 
of either 14 or 24 rows of active balls and a 
return tube that forms a closed course in 
which the inactive balls roll. If more than 
24 rows are used in one circuit, the resistance 
to circulation of the balls increases exces- 
sively, thus lowering the efficiency because 
of a decrease of fluidity in the circuit. 
Measured efficiencies of screws with ball 
nuts are 90 percent and higher. Ordinarily 
two circuits with a long nut, Fig. 2, are 
used to obtain a small deflection of the 
screw center line. The nut length L,, 
Fig. 2, is the distance between the centers 
of the first active ball in the first circuit and 
of the Jast bail in the last circuit. 

To avoid sliding friction between the 


screw and nut, the outside diameter D, of 
the screw is made 1.0 to 1.5 percent smaller 
than the ball-circle diameter D,. The diam- 
eter D, corresponds to the pitch diameter 
of an ordinary screw 

The life of a nut is influenced by the 
number of passages or passes of one ball 
under load over one particular spot on the 
ball race per revolution of screw. The num 
ber of passes depends upon whether the nut 
or the screw turns. If the nut turns one 
revolution, the actual rotation of each ball 
about the center of the stationary screw will 
be slightly more than if thc screw turns one 
revolution while the nut is stationary. The 
life of the nut is influenced in pi dportion. 


} 


The following design procec:.re is based 








FIG.1 




















Fig. |—Power screw with ball nut having a circuit of a 2!/, rows. 




















Fig. 2—Deviation of center line of screw from center line of nut that results from thread clearance between nut and screw. 
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Fig. 3—Increased race radius affects 


on a ball-race hardness of Rockwell C60 to 
C63, obtained through a deep carburizing 
and hardening of low-carbon alloy steels 
such as SAE 5120 and 4620. The allowable 
bearing stress can be as high as 550,000 Ib. 
per sq. in., but lower stresses should be used 
if long life is desired. 


is made hol 
low to save weight. The outside diameter D, 
of the hollow column can be found by 
Ritter’s formula: 


Root DiaMeter. The screw 


Where F = outside load, Ib. 
A = area of the cross-section of the 
O. D. of screw, sq. in. 
S. = allowable compressive stress, lb. 
per sq. in. 
L, = length of column, Fig. 2, in. 
k =radius of gyration of screw 
section 
S, = elastic limit of screw material, 
lb. per sq. in. 


n = coefficient of end conditions of 
column 
E = modulus of elasticity of screw 


material, lb. per sq. in. 


— ASe _ = 
Pm ( L, ) S. (2) 
l, rn E 


The end of the column in the nut can be 
considered clamped and the other end either 
free as in a jack screw, when n equals 0.25, 
or guided as in an actuator, when n equals 2. 


Bax Size selected depends upon: 

(a) Number of active balls in a circuit; 
{b) lead of the screw, for a single-thread 
screw the lead is equal to its pitch p; and 
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normal angles at points of contact. 


(c) nut length L,. Ball sizes used in present 
design range from 1/16 to 3/4 in. as given 
in Table 1, which may serve as a general 


guide for the preliminary design. 


If d is the ball 
diameter, and D, is root diameter of groove 
in screw, the ball circle diameter D, is 


D. = dD, +d (3 


NuMBER O} 


BaLu-CircLe DIAMETER. 


If t is the number of 
turns in a circuit, 14 or 24, depending upon 
the load and size of balls, the number of 


BALLS. 


active or load carrving balls B in a circuit is 

B= x Det/d (4) 
If B is found to be greater than 60 balls, 
the size of balls must be increased, irrespec 
tive of the load capacity, until B is equal to 
or less than 60, to sufficient 
fluidity. 


maintain a 


Leap. In most designs it is desirable to use 
as small a lead L as possible since the helix 
angle does not affect noticeably the ef 
ficiency of this type of screw. A small lead 
reduces the torque and for a given powet 
input permits a high speed, hence a small 
gear reduction between motor and 
Che minimum lead may be about 1/32 in. 
greater than the ball diameter d. Table I 
gives the relation between L and d, as used 
in practice. 


screw. 


Nut Lencru. Experience shows that it is 
desirable to have 0.003 in. diametral clear- 
ance between the screw and nut. In most 
designs a maximum displacement of 0.050 





in. of the end of the center line of the screw 
from the axis of the nut, Fig. 2, is per 
missible. Then, from the similar triangles 


L, = 0.06 L, (5 


Usually the nut contains two circuits. By 
spreading the circuits apart with a relieved 
section between, any desired length L, can 
be obtained. With two or more circuits, it 
is advisable to turn one 180 deg. to the other 
to obtain a uniform play that does not exist 
when the return tubes are on one side of the 
nut. 

If p is the pitch, the actual overall length 
L, of the nut will be greater than or at least 
equal to 


I;=Li+2p—d (6) 


Race Rapius. The radius r, of the helical 
grooves, both in the screw and in the nut, 
is made larger than the radius of the balls to 
reduce sliding f small _ balls 
having a diameter d equal to or less than 


5/32 in., this radius is 


friction For 


r, = 0 5d + 0.009, in. (7) 


for balls having a diameter d equal to o1 


greater than 3/16 in. the radius is 


r, = 0.55d (8) 
ro Point OF ConrTACcT 
When the radius r, of the helical grooves is 


ANGLE OF NoRMAI 
greater than 0.5d, under an axial load the 
normals to the points of contact between a 
ball and the inner and outer races will form 
slightly different angles +, and r+, respec- 
tivelv, with the axis of the screw, Fig. 3. 
Ihe angles will also be less than 45 degrees. 


Where r;; = radius of the ball when not 
stressed 
ry = rad:us of the ball compressed 
X; = normal! distance from the point 
of inner contact to the axis 
X,, = normal distance from the point 


of outer contact to the axis 
Che cosine of angle r, for the inner race 1s 
] -.— l Tr T l Xi — l/r, 
L/ro + 1/ree + 1/X;— 1/r, 


and the cosine of angle r, for the outer race 


(9) 





cost; = 


1S 


ot Wr 


o— l/r, 


] - am l rp 
CcCOSsty, = 


Pn i Mids. (10) 
] rn t+ L/rip 


—1/X 

—1/X 
For all practical purposes r,, equals To, 

which simplifies Equations (9) and (10). 


Evidently from Fig. 3, 


X; = 0 s(- a - i) (11) 
sinr, 

X, =0.5 m2 + i) (12) 
SINT. 


Accurate values of X, and X, can be com 
puted only after the angles r, and 7, have 
been found. However, the error in the 
values of X, and X, will be very small if thes 
are found by Equations (9) and (10) taking 
X, and X, at first either for + equal to 4) 
deg. for an expected smaller angle. 


ALLowaBLE Non-BrineLt Loap. The de 
sign is such that the inner race ha the 
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eT ; : eee: 
= non-Brinell load is found by multiplying the Table 1—Design Data for Ball-Nut Screws 
7 elliptical area of contact of the inner race by Courtesy Saginaw Steering Gear Division, General Motors Corporation 
(>) the allowable compressive stress. ae 
By Max. load per row is based on a life of 5 X 10° revolutions. 
; Where F = normal load per ball = : 
ever M and V = Hertzian constants (See : ee , cA ae 
can Fig. 4) for particular values of Ball Small-Ball Series Medium-Ball Series Large-Ball Series 
c » a _ — en — — 
. “OS mars } 
ts, it or — Circle Max. | Max. Max. 
ther the elliptical area of contact of the inner Dia. Ball Min. Nut Load Ball Min. Nut Load Ball Min. Nut Load 
exist race is equal to wab, where a is one half the D., Dia. — — per Dia. Lead O.D. per Dia. Lead O.D. per 
f the major axis and b is one half the minor axis - 7 I, Ds Row | 4, L, Dy Row L, Dz, - Row 
in. in. in. f. in. in. in. i, in. in. in. F, 
of the ellipse, Ib. lb. lb. 
not} a aie 
se a = 0.00446 M x 
east = eee — ; ad : 
YF/Q]rn + WX, — Vr) (13) 04 116 0.125 0.57 100 | 5/64 0.140 0.61 140 | 3/32 0.163 0.65 210 
the plus sign before the term 1/X, is used 0.6 | 3/64 0.140 0.81 180 | 3/32 0.163 0.85 265 7/64 0.187 0.89 365 
(9) for the inner race and the minus sign for the O.8 | 3/32 0.163 1.05 320 | 7/64 0.187 1.08 450 1,8 0.208 1.13 560 
; —* “ 6 1.0 | 7/64 0.187 1.29 500 | 1/8 0.208 1.33 645 | 5/32 0.245 1.41 1,010 
Sical outer one. ‘2 1/8 0.208 1.53 720 | 5/32 0.245 1.61 1,140 | 3/16 0.281 1.69 1,550 
—- b=<al'/M (14) 1.4 | 9/64 0.225 1.77 1,000 | 3/16 0.281 1.89 1,700 | 1/4 0.343 2.05 2,535 
- nut, ; ‘ 1.6 | 3/32 0.245 2.01 1,360 | 7/32 0.313 2.17. 2.070 | 5/16 0.406 2.42 3,780 
ls to With an allowable average bearing stress 20 | 3°16 0.281 2.49 2,120) 1/4 0.343 2.65 3,150) 3/8 0.5002.98 4,36 
balls S,, the allowable normal load F per ball is 3.0 | 1/4 0.343365 4 065 | 3/16 0.406 3 82 5,540 | 1/2 0.660 4 308,520 
eee +5 +8 0.500 5 48 8,130 | 7/16 0.568 5.64 10,700 | 5/8 0.845 6.13 15,200 
F = rabS, (15) 6.0 | 12 0.660 7.30 14,080 | 5/8 0.845 7.63 19,100 3/4 1.000 7.95 23,900 
R With B active balls the corresponding total 
"9 allowable axial load is 
to or ‘ . 
Fa = BFcosre (16) the number of balls per turn. The number Substituting Equation (22) in Equation 
a Ihe maximum static load must be smaller — of revolutions that the balls will make about 23) the relative rotation n., is 
than I’, to avoid brinelling. the axis of the screw for each revolution of ne = D;/(D, + D (24) 
TACT. ; . the nut can be fe as f : The ‘ rs . 
aves iS Stress AY Potnr or Contact. The life of ” can be found as follows: rhe renee With a lead L, the number of revolutions 
a a diameters of the balls are, from Fig. 3, for - 
id the the nut with its shorter length is lower than i. : n, of the nut for one complete cycle, that is, 
: ; }o fT . . 
veen a that of the longer screw. Therefore, the pe eee for one stroke u forward and one return, is 
b Snes stress calculation must be made for the D, = De + dsinz, (20) nm, =2u/L (25) 
Tespec- — — } load I =" 7 and for the inner race and the number of passes each ball will make 
= > } , 3 
Pig. 3. , 1€ — = he n per ball produced by hin Bi Dl 7 over a particular spot in the nut will be n, 
grees. the operating loac - Consider; he ball ; times n,. With the designations as used in 
en not F,, = F;/ Boost, (17) ete on _ nn ai ae or 4 Equation (4), the number of balls in one 
slanetary unit gives the number of revolu Se seicllinie 
lhen the average normal bearing stress is te nage eg Sclh dick ts eats of the row is B/t and therefore the number of 
essed ‘ . ;' b ; Ps ¢ 4 : — ” passes n, per cycle will be 
» point a = F,,/rab (18 screw per revolution of the nu 
— t We (13) C ] Ny = nynnB/t = 2D; u B/{[(Do + D,)Lt) (26) 
gee The maximum stress is 1.5 times greater, or 1» = D,/(D, + D3) 22) , 
le point ‘ is D./(Do + Di nae \llowable number of passes N, is a func 
= . » = 1.5F,,/xal (19) and the nut will turn one revolution in the _ tion of the maximum bearing stress s, and is 
race 1S sees om Pisess ce Cue Thane. we direction while the balls are turning n, Ny = 996 X 10%/(s,)9 (27) 
Tr (9) ber of passes per revolution of the nut or so lhe relative motion n, between For convenience N, can be taken directly 
ry screw is equal to the fraction of revolution the balls and nut therefore is from the curve of Fig. 5, which is plotted for 
ter race ofa ball about the axis of the SCTCW times Nn, = 1 — n; (23 a range of maximum bearing stress \ vues 
P's (10) * | | 
[Tr 32 10.60 | 
uals The, = | 22 
(10 : | i Curve VY | | 2 
3.0 0.58 = 
&: > : 
| 2 eiis | 
(11) | 5 28 056 5] | 8 } 
3 e||* | 
(12) | ~ 054 0 3 | 
<) os £ | 
v ° 3 | 
be com- lo a1 i 
7. have jn 24 O52 8 | 3 
‘ | 
in the B pe ay || 2 
: Curve M.. < 
I] if they 22} t — 050 ls 
)) taking | 
al to # 20 048 wlit | | | SIRS ee | 
O72 076 0.80 084 0.88 300 3K 400 45 50 
cos T Sp—-Maximum Bearing Stress in Thousands Lb. per Sq. In 
The de : . = . R : ‘ 
has the Fig. 4—Values of Hertzian constants for cosines of different Fig. 5—Allowable number of passes as a function of maxi- 
normal angles. mum bearing stress. 
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Fig. |—Engine and electrical parts as they were prepared for the preliminary underwater test. 


Design and Sealing Problems 
For Underwater Operation of a Vehicle 


Director of Research, Willys-Overland Motors, Inc. 


D. D. STONE 


Problems that were solved to allow a Jeep to operate in six feet of water 


are described. Many of the individual problems, and their step by step 


solutions, are discussed to indicate the methods of sealing that were tested 


during the development program and before the final design was completed. 


OPERATION of a Jeep for fifteen minutes 
in six feet of water was one of the wartime 
design problems proposed by the Army 
Ordnance Department to Willys-Overland 
engineers. ‘The Navy Department also be 
ame interested in this development and it 
therefore was carried on as a joint project. 
Uhe request required that a Jeep be made 
to operate under these conditions and that 
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a kit must be designed to adapt any Jeep 
to this service when required in the various 
theaters of war. 

Ih¢ development program was based on 
the results of a preliminary test, requested 
»y Army Ordnance, in which a Jeep had 
een operated for 45 min. completely sub- 
merged in water. 

Preparation for this preliminary test was 


1 
} 
t 
} 
t 


divided into the following design problems: 


. The air intake and exhaust system 
. Air vents 

Electric system—including suppré 
4. Sealing the engine against wate! 


~ 
~ 
5 


The air intake system required that the 
carburetor be sealed and a standpipe ¢x 
tended above the 6 ft. water depth. 1 


ne 


. 02 
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the 45 min. of underwater operation. 


Fig. 3—Test tank used for the solution of the 
many sealing problems that had to be solved 
before a satisfactory design could be developed. 


Fig. 4—Method of using piston blow-by to de- 
velop sufficient internal pressure to prevent 


water from entering the crankcase. 


exhaust system required a similar standpipe 
arrangement with all joints sealed against 
the penetration of water. 

The carburetor was sealed in an aluminum 
housing, shown in Fig. 1, to which the 
standpipe was attached. Sealing of this 
housing to the manifold required careful 


gasketing. The entry of the throttle shaft - 


was sealed with a standard leather seal de- 
signed for use on a shaft of 3/8 in. diameter. 
Air vents were required for crankcase 
ventilation, the gasoline tank, and the trans- 
mission and transfer cases. The crankcase 
ventilation air vent was extended from the 
oil filler pipe over to the carburetor housing. 
A small vent line was also run between the 
coil-distributor and the carburetor housings. 
The gasoline tank cap was sealed and a vent 
pipe was run to the top of the windshield. 
The breather hole in the tower of the trans- 
mission was sealed, by a rubber boct, and 
a breather pipe was run to the top of the 
windshield. 
_ The ignition system required waterproof- 
ing of all parts but for the purpose of this 
preliminary test no changes were made in 
the generator or the starting motor. The 
distributor and ignition coil were placed in 
an aluminum housing similar to the carbu- 
tetor housing. Spark plugs were sealed by 
aluminum covers surrounding each spark 
plug. All high tension wiring was housed in 
metal tubing extending from the distributor- 
coil housing to the individual spark plug 
covers. The battery vents were sealed and 
the voltage regulator was made waterproof. 
Glyptal Sealer No. 1201 manufactured by 
the General Electric Company was applied 
to all electrical connections to protect them 
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Fig. 2—Jeep entering the water in the 
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Crankcase Ventilation System 
Valves open = Norma/ operation 





Valves closed —Undlerwater operation | 





against electrolysis. Since this was a pre- 
liminary test to prove only that underwater 
operation was possible few, if any, special 
seals were used on the engine and its acces- 
sories. 

The preliminary test was made in a small 
boat launching shed and the Jeep was 
lowered in deep water and immersed, as 
shown in Fig. 2, to the required depth. The 
engine was running with the transmission in 
high gear, transfer case in gear, 
4-wheel drive and the throttle adjusted, 
while the vehicle was suspended in the air, 
to a speedometer reading of 40 m.p.h. 
When the Jeep was immersed the speedom 
eter registered 18 m.p.h. Operation of the 
Jeep under these conditions was continued 


lower 





















for 45 min., when the vehicle was removed 


from the water and driven about 1/10 mi. to 
determine if all parts and components in 
volved operated satisfactorily. 

Examination of vehicle showed that the 
principal difficulty was water in the lubri- 
cants. The percentage of water in the vari- 
ous lubricants was as follows: 


Engine crankcase .......... 73% 
Left front axle ball joint...... 24% 
Right front axle ball joint.... 23% 
Transmission ............. 18% 
TCAREE CONE ss 5.5 66 5hsi0 505 14% 
Rear differential .......0000% 11% 
Front differential .......... 7% 


he large percentage of water in the en 
gine crankcase resulted in the most serious 
difficulty as the oil-water mixture formed an 
emulsion that traveled up the oil filter tube 
and found its way, through the breather vent 
pipe, into the carburetor housing. 

The generator was the only part of the 
electrical system that was not satisfactory, 
since the spacers in the armature slots had 
swelled and were binding on the field poles. 
The starter was rusted but functioned satis- 
factorily. 

The difficulties of working on the engine, 
when installed in a Jeep led to further test- 
ing of the engine in a tank set-up in the 
laboratory, shown in Fig. 3. The preliminary 
tests had shown that the ignition system 
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Fig. 5—Carburetor required a restrictor to 


_ the pressure differential, necessary for operation, between its interior | 
and surrounding air. Fig. 6—Spark plugs 


oused in a water-tight housing; removable cover proved difficult to seal. 


was too difficult to service or manufacture. tained. To obtain this crankcase pressure a ___ its interior and the surrounding air 


Water must be prevented from entering the leak-proof oil filler cap and two valves, as A waterproof ignition system presented 
engine crankcase and changes had to be made _ shown in F'ig. 4, were required. the most difficult design problem. Since 
in the gasoline tank vent and cap seal. The carburetor housing was redesigned to _ the original design was satisfactory in tests, 


Further tests of the engine indicated that reduce the number of gaskets and all holes but was difficult to service and manufacture, 
it was possible to build up a pressure of were blind tapped to prevent leakage past a box type of housing, having a cover held 
approximately 11/2 lb. per sq. in. in the the threads. The housing was fitted with a in place by three wing nuts, Fig. 6, was de 
crankcase by sealing the crankcase ventilation drain plug so that any water that might signed but proved unsatisfactory. 
and air intake tubes and permitting blow-by — enter could be removed. It was necessary to The use of the conventional automotive 
to build up the pressure. Tests run in the _ place a restrictor, Fig. 5, in the top of the _ ignition system components had so compli 
tank showed that little or no water entered carburetor, since the carburetor must oper- cated the design that a new approach to the 
the crankcase when this pressure was main- _ate with a slight pressure differential between design problem was needed. It was, thus 
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necessary to design a distributor and an 
ignition coil that were waterproofed, and to 
4 use aviation type spark plugs. The primary 
wires leading to the distributor, as well as 
the high tension wires between the dis- 
tributor, the ignition coil and the spark 
plugs were attached through water-tight con- 
nectors. The electrical installation was then 
checked to assure proper suppression against 
radio interference. 

Other electrical items had to be water- 
proofed. The battery was equipped with 
specially vented caps. The starter and the 
generator were made water resistant by paint- 
ing the armature and field coil insulation 
with a waterproof varnish. Other parts, in- 











The transmission and trans 
fer case were vented through a tube connect 
ing the air inlet tube to the oil bath air 
cleaner. The gasoline tank was vented 
through a special tube connected to the air 
cleaner inlet tube through a flexible rubber 
tube. A special gasoline tank cap, having a 
two-way pressure valve, permitted either a 
build-up of approximately 2 lb. pressure or 
approximately 1/2 lb. vacuum in the gasoline 
tank before opening. The cap was designed 
so that venting of the valve was done only 
through the connection to the vent tube. 
To keep water out of the steering gear 
and also the front axle universal joint hous 


mission cover. 


ings, these parts were filled with a water 




































Lubriplate No. 50 was used and the reguiai 
water repellent chassis lubricant, specified 
by the Army under their specification No 
2-106, was used in the axle universal joint 
housings. 

Field tests were made at a nearby beach 
where the vehicle was driven into the water 
after closing the crankcase ventilation valves. 
It was operated as shown in Fig. 8, for the 
required 15 min. and inspected with no in 
dication of leaks. The Jeep was then driven 
for 30 min., in 5 ft. of water, and steered 
well and at no time showed any tendency to 
sink or bog down in the sand. 
tion showed that the early difficulties had 
been overcome and that operation under 
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cluding the Bendix starter pinion assembly repellent lubricant. For the stecring gear. these severe conditions was satisfactorv. 
were cadmium plated to make them rust _ 
terior resistant. The electrical instruments, includ ETE ee 
seal. ing voltage regulator, ignition switch, and 
starter switch, and also the speedometer wer¢ 
all made waterproof in construction. 
All air inlet connections were made with Ww . 
sented rubber hose, as shown in Fig. 7. A water if 
Since proof oil bath type air cleaner was developed i 
| tests, having special seals for the oil pan to elimi = 
acture, nate any chance of leakage. The air intake ’ 
t held was connected with a rubber hose that ex 4 “ 
vas de tended under the right side of the hood and Ss Lie - 
was attached to the windshield post and ee ee iatinal 
motive projected above the water line. ” - 
ompli The transmission required a waterproof eee: th 
to the boot at the shifter column and a_ heavy . 
thus giskct shellacked in place under the trans. Fig. 8—Jeep operating completely submerged in tests of the final design. 
— 
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Welded Tubular Lathe Beds 


Foreign Abstract condensed from ‘Recent De- 
velopment of Fabricated Lathes and Tests 
With Tubular Lathe Beds", by W. Mobius, 
Vereines Deutscher Ingenieure, May 27, 1944. 


‘THE MAIN REASON for the slow development 
of welded steel machine tools lics in the 
lack of data available to the designer. Ex- 
perience and principles acquired in connec- 
tion with cast iron machine tools cannot be 
utilized in the design of welded structures. 

The surface grinding machine is the only 
type of welded machine tool that has been 
widely used. In these machines the principle 
of “cellular design” has been adopted with 
success. In cellular design, machine struc- 
tures are built by welding metal sheets into 
cells and then combing the cells in a unit 
such as a machine bed. In lathes, the cellular 
design has not been very successful. 

To learn more about the requirements for 
designing welded lathes, different types of 
structures have been carefully tested. 

As a result of some promising preliminary 
tests with a small lathe, four heavy lathes 
were built for comparative tests: 


1. Standard lathe, 64 in. center height, all 
cast iron except water pan. 

2. Lathe with tublar steel bed with welded 
guide ways on cast iron feet, 64 in. center 


height. Headstock, feedbox, saddle and tail- 
stock were made of cast iron. 

3. Welded lathe with tublar bed, 144 in. 
center height. 

4. Welded lathe with cellular bed, 144 in. 
center height. 


The 144 in. center height lathes were 
12ft. between centers. ‘The largest dia- 
meter that could be turned over saddle 
was 18 in. and over bed was 32 in. The 
25 hp. hydraulic drive of main spindle was 
stepless from 12 to 400 r.p.m. Standard 
steel plates and sheets were used for the two 
welded beds. 

All transmission and shaft elements in the 
four machines were built as identical as was 
possible. Atl beds were designed to give the 
most favorable chip removal that could be 
obtained for the respective design. In the 
tubular bed design the chips passed over a 
guard attached to the rear side of the bed 
and accumulated outside of the machine. In 
the cellular bed design, the chips passed 
through openings arranged between the cells, 
and accumlated on the ribs. 

The welded steel tubular bed, Fig. 1, is 
advantageous because of its inherently large 
torsional moment of resistance to the cut- 
ting forces. The reactions to the cutting 


forces can be better resisted with a tubular 
bed than with the cellular design, Fig. 
because in the latter a complex relationship 
exists between tension and compression of 
the different members of the cells. Figs. 3 
and 4 show the force systems. 

Headstock, tailstock and saddle of th 
tubular design were also designed on the 
tubular principle, although it is more cus 
tomary to use the cellular principle for the 
parts. Except for thin sheet metal pieces, 
ordinary gas pipes were used for supporting 
the gears in the headstock of the tublar 
bed machine, Fig. 5. Bosses were made 
thick walled tubes. 

The headstock of the cellular bed, Fig. 
6, was built in accordance with the prin- 
ciples of cellular design. Flat bar stock was 
used for fastening the headstock to the bed 
and for supporting the tailstock structure. 
Cast iron gibs were fastened by screws to 
the guideways of the saddle so as to have 
steel gliding on cast iron. 

Cost and weight of the unmachined parts 
of the lathes are compared in Table I. The 
high cost and weight of the tubular cast 
iron bed includes the cast iron water pan. 
A welded water pan is more customary. 

When comparing costs, it should be 
noted that the parts were made at different 







































































































































































| WI° | 
7 fa) ome) 
| Uv U 
Section AB Section CD Section E-F Section AB —~B “-Q _ Section Section EF 
. © cD | 
Pi | 
S -~ 
; ee 
FIG. FIG.2 
Fig. |—Design of welded steel tubular bed. Fig. 2—Design of welded steel cellular bed. 
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plants and also that often higher prices were : . - 
paid to get quick delivery. Cost, therefore, Table I—Comparison of Weight and Cost of Unmachined Lathe Parts ; 
is not always a good basis for comparison. 


: ow ; Values in percent based on 100 for standard cast iron lathe. 
Appreciable saving in cost will be possible i 


a ee } 


when the shops are properly equipped to Pubular Tubular | Cellular : 

manufacture welded parts. | cast iron welded welded Mixed | 
It was also not possible to compare thic design design | design design | 

cost for welding the tubular and for the Cee aE FRE Par en 

cellular designs on the basis.of welding hours | Weight | Cost | Weight | Cost | Weight | Cost | Weight | Cost 


because of different overhead in the plants. 
The total length of the welding seam is a 





























































































































as at : Bed with feet and pan.....) 112 7 170 50 100 49 5 114.5) 50 | 100 
fair basis. ‘The seam is appreciably longer for Yeadstock and gear guard..| 100 5 102 19 267 45 5 | 107.9! 100 102 
the cellular than for the tubular design. Compound rest.......... 59 = 59 55 59 55 5? 55 
hence a greater welding cost for the cellular Saddle and Apron....... Ss S2. | 55 180 4 100 $8.5 82 
construction had been expected. ree 115 106 | 69 255 54 | 133 | 11S 106 | 
More machining time was required for Steady fest......... 10 M ‘1 280 | 62.5 | 143.5) 100 Jo. | 
the cast iron tubular bed than for the _ tie aaa sane 5 : aaa 
welded beds. Tool wear in machining the Total. .... PEA 10 145] 51.5 145 48 j 12 = ‘ 
a ist iron beds was about 20 percent higher 
-: than for the welded beds. 
ip \bout 12 percent of the reduction in covering all possible types of turning oper deflections did not exceed the normal value 
or ight was attributed to the hydraulic drive, ations, in which the deformations of th of standard cast iron beds. The welded 
? omparison with standard lathes with machines were measured with indicators, headstock and tailstock showed greater elastic 
. mechanical spindle drive. no appreciable differences were evident in deformation than the cast iron design, I 
ne In six different series of cutting tests, the performance of the machines. ‘The which may have been caused by the appre 
he ciable difference in the weights of these | 
IS parts. i 
. Ihe surface produced on the workpiece | 
vith was faultless. There were no chatter marks | 
ne ! ind no disturbing effects of vibration could 
par . 4 ? be found during the shop tests. Even after 
ot six months of continuous use of the ma 
“ chines no complaints were received. It is 
Ig. x believed that the hydraulic spindle drive con 
enall % “1 tributed appreciably to this success because 
ne omit the cutting speed could always be adapted 
Ded ee to the particular conditions of the set-up 
— iS In addition to the shop tests, investiga- 
Fs tions were made to obtain design data 
sii - ; The machines were loaded statically by 
wii applying loads of about 1,100 Ib. at different 
The places. It was found that the deflection at 
ert the rear guide way of the welded tubular 
— | | bed was appreciably smaller than at the 
aug | | cellular bed, but greater than for the cast 
be iron bed. ‘The comparative figures were 
eal | 100 for the cast iron tubular, 280 for the 
moe ; | welded tubular and 1,140 for the welded 
| wen aan —— cellular design. Similar results were ob- 
L 1 am | | tained at other spots. 
Too much emphasis should not be placed 
on tests with static loads applied at certain 
Fig. 3—Force diagram for tubular bed. Fig. 4—Diagram for cellular bed. points of the machines, for under actual cut 
| 
| Section AB " Section C-D Section A-B 
7 st ection ectio A-—) 
if 
| 
} | 
| | 
| } 
2 | | D lp 
—— —— 
Fig. 5—Headstock built on principles of tubular design. Fig. 6—Built on principles of cellular design. 
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ting conditions the load is not concentrated, 
it is distributed over the bed because of the 
length of the guide wavs of the saddle. 

Vibration tests were also made, using a 
vibrometer and Heyman’s vibration tester. 
The amplitudes measured crosswise to the 
bed and to the saddle were greater than 
the vertical amplitudes whenever the ma- 
chines were running at or near the critical 
speed of the hydraulic drive. At maximum 
speed, the amplitudes were greatest cross- 
wise to the headstock. 

To determine the effect of the measured 
vibrations on the performance of the ma 
chines, finishing cuts were taken. The finish 
of the work, was always satisfactory for all 
positions of saddle and for all speeds. 

It was concluded that the frequencies are 
high and the amplitudes small. Resonance 
was not noticeable and no chatter marks 
visible on the work even where the higher 
modes of vibration of certain machine parts 
were close to the natural frequency. 

In the results of vibration measurements 
on the idling machines the curves for the 
cast iron design were always uniform, but 
vibrations were noticeable in the welded 
design particularly in the horizontal plane 
crosswise to the bed. Vibrations for the 
tubular steel bed and the cast iron bed were 
the same. The cellular bed is favorable re 
garding vibrations measured in a horizontal 
plane crosswise to the bed. 


Concrusions. In comparison to the cellular 
bed the tubular bed is more favorable both 
statically and dynamically measured cross 
wise to the bed. It is also more favorable 
in longitudinal vibration; but evaluation of 
further tests is necessary before definite con- 
clusions can be drawn. The tubular bed 
is also more advantageous with respect to 
chip removal. The welding seams of the 
tubular design are shorter than for the cellu- 
lar design. 

The rigidity of the cellular design can still 
be improved. 

A mixed construction, that is, a combina 
tion of a steel bed with cast iron headstock. 
tailstock and saddle will give a satisfactory 
machine in every respect. The large parts 
ire more advantageous in steel, the small 
ones in cast iron. This statement should 
not be understood as excluding the possi 
bility of future development towards com 
plete steel design. 


Rapid Reversing Drives 


From a paper, ‘Problems in Applying Rapid 
Reversing Drives", by R. H. Clark, Warner 
and Swasey Company, presented at the West- 
inghouse Machine Tool Electrification Forum, 
April 9, 1946, Pittsburgh, Pa. 


RAPID REVERSING TYP] MOTORS are usually 


applied on machines to obtain: 


1. High starting torque for fast accelera 
tion 


2. High reversing torque for fast and 
.ccurate plug stops and reversals 
3. Operation under severe duty cycles 


without overheating and low maintenance. 


4S0 


Reasons why rapid reversing motors are 
not more widely used, include: 

1. Motors are special and expensive. 

2. In many cases, machine production is 
limited by reversal capacity of the motor. 

3. Difficulty in obtaining exact motor 
application data. 

4. The great amount of development 
work required of the machine builder, as 
well as the electrical manufacturer, before a 
successful machine is produced. 

One of the latest designs by Warner & 
Swasey engineers to use rapid reversing 
motors is a 16-inch semi-automatic special 
purpose turret lathe. Obtaining the two 
speed motor with satisfactory reversing 
capacity was the greatest single problem in 
the design of the machine. Because most of 
the brass and other light metal work pro 
duced on this machine is held in large 
chucks and fixtures, the WR external to 
the motor is large, sometimes being ten 
times that of the WR? of the driving motor. 
This condition requires careful design of 
motor ventilation and insulation for satis 
factory reversing capacity. 

Electrical designers can do much to make 
the application of such motors easier by 
clearing away some of the air of mystery 
that surrounds the engineering theory in 
volved. Published application data consist 
ing of rotor WR’, reversal capacity, starting 
currents and torques, plugging currents and 
torques on motors suitable for reversal or 
plug stopping service would be helpful. For 
multi-speed motors, the motor heating inter 
relation between starts, plug stops. speed 
changes and reversals for the various speeds, 
would help establish maximum machine per 
formance. 

Similarly, the machine tool engineers 
must furnish to the motor manufacturer ac 
curate data on machine WR? duty cycle (or 
equivalent motor reversal capacity) on 
which to base the motor design. 


Ten Hints for Designers 


From a paper, ''A User's Future Requirements 
For Machine Tools,’ J. R. Weaver, Manager, 
East Springfield Appliance plant, Westing- 
house Electric Corp., presented at the West- 
inghouse Machine Tool Electrification Forum, 
April 10, 1946, Pittsburgh, Pa. 


Because of many new economic pressures 
the following ten factors are probably tvpical 
of future requirements of machine tools: 


1. Size. Space is an important factor in 

production. Despite more and larger fac- 
tories, it is economical to hold space to a 
minimum, so tools should be compact. 
2. Ease of operation. Machines should 
require operators with minimum skill. This 
is true from a simple drill press to a compli 
cated automatic machine. Need for simpler 
operations is because of labor’s drive to in- 
crease the wages of the lower priced operator 
in greater proportion to the skilled mechanic. 
Therefore, the inclination to learn a trade is 
becoming less and less. The machine tool 
must supply the skill formerly possessed bv 
the operator. 


3. Maintenance. For the same reason, 
maintenance of the machine must be kept 
to a minimum. Repairs should be made in 
the simplest way. Possibly instead of re 
pairing machines, it will be necessary to 
design them so that worn parts can be 
easily replaced by new factory parts. 

4. Electrical advances. Electrical develop 
ments should be made in motors or control 
applications to reduce hand operations to a 
minimum. 

5. Increased accuracy. Of increasing im 
portance to designers is that better, faster, 
and more accurate means of inspection and 
measuring work are being developed and 
perfected. The record of accuracy accom 
plishments in the machine tool field is 
remarkable, but the effort for still morc 
accuracy should be continued. 

As a manufacturer using a large number 
of machine tools, experience shows that the 
best quality and lowest cost production is 
obtained by making all the parts to ver 
close, and ever closer tolerances. Reducing 
tolerances inevitably results in faster and 
surer assembly and a better product, and 
usually results in better overall economy 
Take as an example the manufacture of 1 
frigeration compressors. A piston and cylin 
der mechanism is utilized to pump the 1 
frigerant. The piston has no rings. To 
obtain a mechanism that is quiet, efficient. 
and trouble-free, the difference in the diam 
eter of the piston and the cylinder must bc 
held to a nominal 0.0005 inch. To achieve 
this fit, selective assembly is used. Pistons 
and cylinders are accurately measured. 
marked with an electric pencil, and matched 
into 16 groups. 

More accurate manufacturing of thes 
parts would cut costs tremendously, sav« 
rejects, and produce a more efficient ma 
chine. If parts could be easily measured to 
a millionth of an inch, machine tool builders 
would be expected to produce. machines ac 
curate to a millionth of an inch. 

6. Construction. It is probable that 
closer tolerances will require increased at 
tention to stiffer, more rigid construction 
More sturdy construction also may be nec 
essary to withstand greater forces for faster 
removal of material. 

7. Thermal expansion. Another point 
that it may be necessary to consider is the 
use of construction materials equivalent to 
“Invar” with near zero temperature coefh 
cients of expansion to climinate inaccura 
cies in operation because of overheating. 

This would increase available productive 
hours of a tool by eliminating warming up 
time and the necessity for resetting tools 
near the start of the run. It would also 
reduce scrap losses and permit more eff 
cient operation with less skilled workmen 

For example, one production problem in 
volves thermal expansion in producing 
frigerator compressor crank shafts. Becau 
of temperature changes in the machine used 
to grind the bearing surface on this shaft. 
the machine dimensions change and p! 
duction is reduced. Various methods 
solving this problem are now being studi 
—including the “TInvar’ and_ thie 
refrigeration of some of the machine parts 
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5. Reducing set-up time. Another desir 
able objective in machine tool design is to 
develop features to pre-set cutting tools to 
give finished tolerances on a piece without 
so much cut-and-trv. Also, methods of ex 
peditious gaging and measuring the machine 
surfaces produced should be developed so 
that when the operation is completed it 
will be correct. 

9. More special-purpose tools. ‘There 
should be further development of special 
purpose tools in place of multi-purpose 
tools, by elimination of adjustments and 
adaptations not necessary for the specific 
job. In the past, machine tools have been 
capable of accommodating a wide range of 
sizes of work and have had built into them 
facilities and features for doing a thousand 
and one operations. Rarely does a manu- 
facturer of mass production items make use 
of more than a few of these facilities. Bet- 
ter bearings, protection of bearings, auto- 
matic lubrication, and scientific use of cool 
ants may be especially helpful on these 
special-purpose tools. 

10. Dream tool of tomorrow. Engineers 
are already working on new designs that 
will eventually make today’s appliances ob 
solete. What kind of a machine tool will 
we need to build these new product$? 


Probably the aim will be to eventually 
perform all the operations on a piece with 
one machine. A machine to do this will 
combine many dissimilar operations and 
probably be relatively smaller in size and 
vet be sufficiently flexible to take care of 
periodic changes in design of product. 
When necessary to change the hold of a 
piece to complete the operation, positive 
and automatic transfer means must be de 
vised. For example, one piece of a Bug 
Bomb <Acrosal Dispenser requires five sepa 
rate machines: Punching, drawing, trim 
ming, embossing, and piercing, and the 
parts must be conveyed between machines 
for cach of these operations. 

If one machine could do all these opera 
tions floor space, transportation, operators, 
and man hours, would be saved. Steel sheet 
could come in on a spool at one end—fin- 
ished pieces would come out into a hopper at 
the other end. 


“Signaling” Stress Meter 


Foreign Abstract condensed from an article 
by A. Thum and O. Svenson in VD1-Zeitschrift 
(Germany), March 18, 1944, page 153. 


\ SIMPLE INSTRUMENT was developed by 
the German Bureau of Standards, Barnstadt 
Branch, for measuring the maximum and 
minimum values of periodically changing 
stresses in machine parts. In the instrument, 
shown in the accompanying drawing the 
stress-elongation of the material taking place 
between the fixed and the movable edge (a 
ind b) is transmitted to lever (d) which is 
pivoted about a point (c). Attached to the 
lever is a leaf spring (f) carrying an electric 
contact plate (e) at its upper end. A pin 
g). located opposite the plate, is electrically 
insulated from the body of the instrument 
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Stress Meter: a, fixed edge; b, movable; c, pivot for b; d, lever arm; e, electric 
contact plate; f, leaf spring; g, contact pin; h, insulating material; i, adjustment 
screw; k pivot of lever 1; 1, lever arm; m, spring; n, disk with scale; 0, pointer; 


p, locking lever; gq, hole for clamping. 


and can be adjusted by means of lever (1) 
which is deflected about point (k) by mo- 
tion of a precision screw (i). Spring (m) 
keeps lever and screw in contact. 

The horizontal adjustment of the pin can 
be read from the disk scale (nm) which is at- 
tached to the screw, because the adjustment 
depends on the position of this screw relative 
to pointer (o). Pin and plate are connected 
to an electric circuit (not shown in drawing ) 
in which an electric light bulb or any other 
type of current indicator is installed. 

When the machine part is subjected to 
periodical stress variations, the standard dis 
tance between edges a and b (20 mm. or 
about 0.8 in.) will vary and the upper end 
of the lever will consequently fluctuate be 
tween two limits. At the instant of mini- 
mum elongation, the lever is in its most 
outward position, and at the instant of maxi- 
mum clongation it will be in the most 
inward position. 

By turning the disk it is possible to adjust 
the pin so that it just misses contacting the 
plate at the instant of greatest elongation. 
The light bulb in the circuit will therefore 
stay dark. On the other hand, when the pin 
is so adjusted that it just contacts the plate 
at the instant of smallest elongation (i.e. 
when the lever is in the outward position ) 
the light bulb will burn continuously. 

The “threshold” of contact and of sepa 
ration of the pin and disk therefore indicates 
the maximum and minimum stress value. 
These limits be read from the scale and also 
“signaled” by the light bulb. The hole (q) 
serves for clamping the instrument. When 
the stress change is rapid it is advisable to 
solder or to screw the instrument to the 
work. 

\ccuracy. The accuracy of the instrument 
is dependent on the precision of the screw 
and on the finish of the pin and plate. A 
measuring accuracy of plus or minus 0.0004 
mm. (about 0.000016 in.) can easily be ob 
tained. With a standard measuring length 
of 20 mm. (about 0.8 in.) a change in 


Jength of 0.0004 mm. corresponds to a 
single axis stress of 0.4 kg. per sq. mm. 
(about 560 Ib. per sq. in. for steel and to 0.1 
to 0.2 kg. per sq. mm. (about 140 to 280 
lb. per sq. in.) for light metals 

APPLICATION. It is often advisable to pre 
adjust the instrument to an approximate 
value by observing the light bulb. Instead 
of installing a light bulb, other means for 
indicating or signaling the stress limits can 
also be used—ear phones, galcanometers, 
and photographic recorders. ‘The instrument 
can also be connected to a warning device 
which would sound off in case of permanent 
overloading of a machine part. 


Method of Calculating 
Beam Coefficients 


From "A Simple Tabular Method of Calcu- 
lating Deflections and Influence Coefficients 
of Beams," by N. O. Myklestad, published in 
Journal of the Aeronautical Sciences, Janu- 
ary, 1946, page 23. 

\ metuop of finding deflection curves and 
influence coefficients that can be readily ap- 
plied to cantilever beams and to simple 
beams with or without overhangs. ‘The 
method is fast and accurate when a calcu 
lating machine is available, but slide rule 
accuracy is probably sufficient for most prac- 
tical purposes. An additional advantage is 
that the calculations can be performed in a 
routine manner by a computer who knows 
nothing about beam theory. 

The beam is assumed to be weightless 
and to carry a finite number of concentrated 
forces. ‘The method consists of using elastic 
coefhicients to find the difference in the 
slopes at the two ends of the beam and 
also the difference in the deflections when 
the slope at one end is zero. ‘The entire 
beam is then rotated about the end that has 
zero slope, until the boundary conditions at 
the other support are satisfied. 
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AUTOMATIC CONTROLLING MECHANISMS 





Automatic valve operators, designed to control valves remotely and automatically, generally 
depend upon electricity or fluid pressure for their actuation. The valves themselves may 
be of either the single or double-seat type depending upon conditions of line-pressure 


fluctuation, 


pressure drop and duration of shut-off periods. Some of the operators 


utilizing pressuré ‘and electricity for actuation are described and illustrated below. 


In manva/ operation, push plate 
acts against rubber diaphragm 
and moves push rod against 
spring force to actuate valve —- 
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Translating Inventions 
Into Marketable Products 


S. BERTRAND BARNARD 
Consulting Engineer 


Factors such as financing, development and research, production and 
marketing are discussed in detail. The author warns of the pitfalls await- 


ing the inventor who does not evaluate his own invention realistically. 


NO FIELD OF ENDEAVOR is so difficult 
to prescribe as the field of invention. Even 
the most learned judges cannot agree on a 
uniform definition of the word “invention”, 
from a patent standpoint. The fact that the 
inventor is probably one of the most highly 
individualistic members of our society com 
plicates the problem still further. 

Insofar as the commercial development 
and the reduction to marketable products 
of new inventions, inventors can profit by the 
experience of others in the field. 


Problem 


Before he spends his time and money, 
and that of relatives and backers, the in 
ventor should study carefully the problem 
he is trving to solve. Assuming that all 
obstacles of engineering, finance, production, 
patents and marketing are solved, is his 
brain child really an improvement over othet 
devices on the market, or is it merely a 
longer, costlier, slower method of accom 
plishing something that has been done for 
vears? 


In order to produce a new product or 
method it is advisable to study carefully 
what has gone before, to avoid duplicating 
mistakes of the past. It is even possible to 
learn, by a process of climination, the things 
not to do, and in this manner come up with 
a reasonably practical solution. 

It is well to remember that all engineers 
and manufacturers in the countrv are not 
wrong, and that very often public tastes, 
habits, questions of costs, and similar fac 
tors, affect the marketability of a product. 
Improvements, methods which 
tend to cut costs and increase the market for 
a product, are far more readilv acceptable to 
manufacturers than 


devices or 


those which increase 


costs 


Fundamental Principles 


While the mathe 
matics, physics, chemistry, are continuously 
being expanded in scope. and while extended 
research and refined methods enable us to 


fundamental laws of 
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measure physical factors more accurately 
than was ever possible before, the funda- 
mental laws of nature remain substantially 
unchanged. ‘There are always revisions of 
fundamental physical concepts being made, 
but the odds are very much against the semi 
professional inventor revising them. While 
in inventor may be another Steinmetz or 
Einstein, it is safer to assume that he is not 
until he can prove otherwise. 


Patent Procedure 


\n inventor should be extremely careful 
in the selection of a patent attorney and 
patent advisors. ‘The best invention can be 
materially weakened by flaws in patent appli 
cations or f 
patents. 


errors in the prosecution of 

The writer hesitates to engage in public 
controversy by citing figures on issued patents 
which have inherent weaknesses, serious or 
minor, which affect the validity and strength 
of the patents. The figures are, however, 
far greater than is generally known. 

The inventor should select an attorney 
with the proper background and experience 
to handle his application and not try to ob 
tain a quick, cheap patent. Sometimes it is 
even advisable to have the attorney’s work 
rechecked by another attorney with, of 
course, the consent of the original attorney, 
to avoid any possibility of error. Litigation 
on a patent often hinges on the meaning of 
i phrase or a word; the importance of claim 
drafting is therefore apparent. 

It is also necessary for the inventor to 
study the scope of his patents with extreme 
Too often an will, in the 
course of the development of a product, un 


care. inventor 
wittingly go entirely bevond the scope of his 
patent coverage, without realizing it. 

It is important, therefore to check issued 
patents and patent applications at various 
stages of the development, and to file new 
patent applications to cover new features 
not covered by the earlier applications. This 
is especially 
patent 
caused bv the 


true today, as the modern 
becomes _ increasingly 


thousands of 


specialized, 
that 
have been developed in the past, and the 


devices 


additional thousands of unpatented prod 
ucts produced, or described in publications. 
\lthough this procedure is necessarily costly, 
it is the only wav in which adequate patent 
protection can be obtained on 
which are the result of sustained 


products 
levelop 
ment over a long period of time. 

Phe writer has analyzed a large number 
of patents and has often found that only a 
few minor features are covered and in many 
patents the final product is entirely out of 
the scope of the patent and, theretore, totally 
unprotected. ‘This is often startling to the 
inventor or manufacturer. who believes that 
he has obtained adequate and 
patent coverage, broad enough to 


what 


, 
Somplet 

mpi CC 
include 


} 


1¢ assumes to be minor 


improv cments 


Engineering 


Inventors can spare themselves trouble, 
and the expenditure of thousands of dollars 
if they obtain the advice of a competent en 
gineer, familiar with the field in which thes 
While the 


infallible, and while there is often a 


are operating. engineer is not 
liversity 
of opinion among engineers, it 1s reasonable 
to assume that an engineer who is thoroughly 
trained and has devoted a substantial portion 
of his life to a particular field, knows some 
thing about it. If the inventor does not want 
to accept the opinion of one individual he 
can match it against the opinion ot inother. 

Ihe inventor should not, however, pro 
ceed on the assumption that everyone in 4 
given industry is entirely wrong, and that 
he alone will revolutionize that industry. It 


} 


has been done in the past, but the chances 


of the semiprofessional inventor producing 
this tvpe of discovery are slim indeed, pat 
ticularly in view of the complication. of 


modern industry. 


Testing 


Before a product is released for market 
ing, it should be thoroughly tested. under 
varving Climatic and operating conditions, to 
ascertain whether it will stand up in service 

loo often success of product that lias 
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200d commercial possibilities is prevented by 
premature marketing. ‘To receive public 
acceptance over a sustained period, a product 
must be as nearly foolproof as possible. ‘The 
first year after introduction of a new product 
is the most critical. A small mistake in de- 
sign, production or marketing may prove 
costly or even disastrous. 

Often hundreds of thousands can be saved 
in the introduction of a new product, by 
testing the reaction of the consumer, or 
field testing in a small area, before general 
distribution is attempted. 


Personal Habits and Mental Inertia 


While in certain fields of endeavor such 
as acronautics and electronics, acceptance of 
new devices and improvements is generally 
faster than in more conservative fields, the 
world will not accept violent revisions in its 
mode of living overnight. 

War and the upheavals and the urgent 
problems precipitated by war, of course, 
alter this phase of the problem tremendously. 
Money for development is also poured out 
in time of war at a rate which would be 
utterly impossible in peacetime. [xcept in 
the case of novelties, which are accepted 
more or less instantaneously and drop off 
with equal rapidity, most products intro 
duced on the market, find a long, hard road 
to travel. 

Modern methods of advertising and dis 
tribution often reduce the time for public 
acceptance of new products substantially, but 
unless an invention results in a substantial 
improvement, or lower cost on a_ product 
that has already received wide public accept 
ance, the chances are that broad markets are 
a matter of years and not months. 


Financing of Inventions 


The financing of new and untried inven 
tions in the embryonic stages is something 
for which no accepted formula or procedure 
is available. Unless an inventor is financially 
capable of carrying the initial burden him 
self, or has a group of friends who will back 
him on faith, the problem offers consider 
ible difficulty. 

Patents, development and research work, 
tooling, production and marketing are costly. 
Not often are adequate funds available to 
the point where an invention can be either 
marketed independently or sold to a manu 
facturer. 

There are, however, a number of patent 
igents, individuals, financial groups and 
manufacturers on the alert for new products, 
who will finance an idea through its grow 
ing pains to the point of ultimate accept 
ance; but these are none too plentiful. 

On certain types of inventions there are a 
uumber of public, and semi-public institu 
tions which finance work of this tvpe. These 
nstitutions, however, confine their activities 
to limited tvpes of inventions. which offe: 
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major advantages to the public in general or 
to problems of national defense. 

On most inventions the independent in 
ventor must go through a process of trial and 
error in obtaining adequate financing, unless 
he is well supplied with his own funds. 

Except in the case of small products, 
which require inexpensive manufacturing 
facilities and tools, the problem of produc 
ing new products offers further difficulties. 
As a general rule it is more advisable to 
license or sell an invention to an established 
manufacturer than to attempt production 
and distribution under present conditions. 

Modern high-quality, low-cost production 
is a highly specialized field in itself, and 
therefore beyond the scope of the average 
independent inventor. 

The established manufacturer has the 
necessarv facilities and organization and is 
often anxious to obtain manufacturing rights 
to marketable products. He can spread the 
tisk between established products and new 
developments and therefore does not take as 
great a gamble as the small independent 
manufacturer of a new product. 

Under present legal restrictions, public 
financing of new and untried companies, for 
peacetime activity is almost impossible ex 
cept in unusual cases where the background 
of the inventor and the merits of his product 
warrant it. While the independent inventor 
is often the world’s greatest individualist, he 
will generally find that sharing the risk and 
the profits with an established manufacturer, 
or financial group is generally far more 
profitable and secure in the long run. 


Distribution and Marketing 


Modern distribution, advertising, sales pro 
motion and marketing have become high) 
specialized, costly problems. It is far better 
to entrust a product suitable for national dis 
tribution to an established marketing organi 
zation, than for the inventor to attempt it. 

While some products have dramatic ap 
peal and obtain sizable markets without 
great sales effort or expense, these are genet 
ally quite rare. Most products must be sold 
and distributed intensively, in order to be 
profitable and withstand competition. 

The average inventor is temperamentalls 
unsuited to problems of finance, sales and 
advertismg which go to make a modern 
business successful on a broad scale. He 
would do well to place these problems in the 
hands of others better suited by tempera 
ment and experience to handle them. He 
can then keep his mind free for further de- 
velopment and improvement of the product 
or method. The latter is vital in this dav 
of violent change and rapid obsolescence. 


Sale of Inventions or Patents 


The sale of inventions or patents is as dif 
ficult. if not more so. than the sale of am 
other intangible item involving substantial 


sums of money. The payments made by the 
financier or manufacturer for inventions are 
really only a small part of his investment, as 
his costs of development, production and 
marketing begin after he acquires the manu 
facturing rights. 

Most inventors, or their representatives, 
in attempting to sell inventions often tend 
to be fragmentary and incomplete. It is well 
to remember that the financier or manufac 
turer is primarily interested in the probable 
financial return from the marketing of an in 
vention and not in its romance 

To simplify the problem of such a sale or 
licensing arrangement, the inventor should 
be prepared to present as complete a story as 
possible. While he may not teel it advisable 
to present this information in detail until 
preliminary contracts are signed, le should 
be prepared to offer the data as completely 
as possible in order to make an advantageous 
contract. It should include the following: 

1. A detailed description of the invention, 
together with an analysis of the improve 
ments it offers over similar devices now on 
the market. ‘This should be as clear and 
concise as possible, and should be explained 
in such a manner that it is readily under 
standable by a non-technical business man. 
2. A list of all patents issued covering the 
invention, together with a list of all patent 
applications filed or in preparation, which 
cover the invention or any contemplated im- 
provements thereon. 

\ summary of all patents and applications 
should also be presented, giving an indi 
cation of the scope of the patents and their 
probable applications. This is probably the 
most critical phase of the sales problem; 
regardless of the value of the invention, the 
patent coverage is the only thing which 
offers the purchaser any protection or pros- 
pect of profits. It is also well in this regard 
to present an analysis of differences between 
the patents offered and previous patents is 
sued on similar devices. 

3. A careful summary of the inventor's 
training and experience in the field of the 
invention, particularly if he i, to follow 
through with the development and manu 
facture of the invention. The 
background 


nventor’s 
usually = carries onsiderable 
weight with manufacturers, or their represen 
tatives. This is particular] 
men. 


» of financial 


4+. An analvsis and careful estimate of the 
potential market for the product. This 
should give an indication of the size and 
tvpe of market, the tvpe of distribution re 
quired and, if possible, an indication of esti 
mated detailed sales figures o1 1 period of 
vears. It is well to remember that the buver 
is a business man, and that too optimistic a 
picture is often harmful. 

5. Wherever possible a list of actual or 
potential competitors should be presented 
It is advisable to include the reasons for the 
superiority of the new product over those 
offered by competitors. 

6. The price at which the product is to 


- 2 


485 














be sold, should be given, beating in mind the 
cost of production, direct and indirect, manu- 
facturing overhead and administration, the 
sales and distribution costs, the royalties to 
be paid to the inventor and the manufac 
turer's estimated profit. 

Prices and sales should be graduated, on 
the assumption that increased production 
will generally substantially lower costs. 

An estimate on the part of the inven- 
tor of the additional development required, 
including a time estimate, a cost estimate, 
and the number and type of engineers and 
technicians required. 

8. An estimate of the capital outlay re 
quired, including development cost, royalty 
payments, « jupment, tooling, inventorv cost 
ind initial marketing cost. ' 

9. Potential profits to the manufacturer 
based on the above figures. This should be 
based on a reasonably complete cost, an esti- 
mate of potential sales on a variable scale, 
and a selling price equal to or lower than 
competitive articles. 

The writer is fully aware that few in 
ventors or their agents would be willing to 
present the above data with any degree of 
accuracy. It is nevertheless included as an 
indication of what the purchaser, manufac- 
turer or financier looks for in an invention, 


based on the writer’s experience in transac- 
tions of this type. 

Even if the inventor does not wish to 
present detailed figures and data of this 
type, he will do well to prepare it for his 
own use. He will find that hidden factors 
and intangibles which he often excludes, 
generally increase the cost beyond his own 
preliminary estimates, and that competition 
will not allow as large a spread between his 
selling price and that of competitors as he 
would like. It is well to include in the sales 
price a substantial allowance for distribution, 
advertising and sales expense. 

In calculating his royalty, an inventor 
should analyze the market and ascertain how 
large a royalty a product can stand. Inventors 
often delude themselves on this subject, and 
by demanding excessive cash payments and 
excessive royalties, find otherwise salable in- 
ventions on their hands for years, without 
any substantial realization. 


Self Appraisal 


The usual attitude of the inventor toward 
his invention is thoroughly understandable. 
It is his brainchild, it represents months or 
even years of continuous effort on his part in 
working it out, as well as a sizable investment 





on either his part, or that of his backers. 

From this point he often proceeds on the 
assumption that his invention is perfect, 
that the market for it is absolutely unlimited, 
and that it is so far superior to competitive 
products, that they are not even worthy of 
comparison. 

The writer has seen this ostrich-like atti- 
tude cost inventors hundreds of thousands 
of dollars, only to produce products of doubt- 
ful commercial value. There have even been 
thoroughly practical men with years of ex- 
perience in the development field, who have 
closed their eyes to fundamental physical 
laws, when appraising their own inventions. 

This is not written in an effort to dis- 
courage the independent inventor.- Many of 
them will, by their energy and ingenuity dis- 
prove some of the statements made here. 

An inventor is a skilled craftsman with a 
brain. He should study his trade or profes- 
sion carefully and diligently. He should seek 
and accept willingly the advice and assistance 
of highly trained and specialized engineers, 
patent attorneys and businessmen, in order 
to obtain the best results from his efforts. 

He must either be prepared to expend sub- 
stantial sums of his own or obtain adequate 
financial backing in order to translate his 
ideas into a marketable product or process. 





Gear for Gas Turbine Plane 


A compact, lightweight gear which is des- 
tined to hasten the output of a new type 
of commercial airplane powered by a geared 
gas turbine has been designed and built at 
the Nuttall Gearing Division of the West- 
inghouse Electric Corporation. Having a 
reduction ratio of 10 to 1, it will reduce 
the 12,000 rpm. speed of a large gas turbine 
to 1200 rpm. at the propeller. 

Geared gas turbine airplanes which har- 
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ness the power of a turbine engine to turn 
a propeller instead of exhausting a high 
velocity jet into the atmosphere are expected 
to have distinct advantages in economy and 
load-carrying ability. 

Propeller tip speed limitations are reached 
somewhat below the speed of sound, ap- 
proximately 750 miles per hour, because 
propeller blades would be torn from the 
shaft at higher speeds. Thus it becomes 


necessary to have a reduction gear which 
will add little to the overall weight of the 
plane. 

Development of this reduction gear marks 
the first time that such a compact unit 
has been made for the handling of so great 
a load. The new gear, shown below in- 
cluding the propeller shaft support, weighs 
only about 1/30th as much per hp. as an 
industrial gear. 

This new drive consists of one set of high 
speed planetary gearing that transmits its 
energy to a low-speed planetary gear set, all 
in the same housing. 

Special carburized and nitrided steels are 
used in making the gears. Bearing and 
journal surfaces must be smoothly polished 
to a surface having an error of not more 
than three to five millionths of an inch. The 
entire gear housing is of aluminum, to 
keep the assembly weight to a minimum. 
In spite of the huge amount of power the 
gear transmits, the theoretical tooth contact 
stresses are no higher than those normall) 
encountered in other aircraft-type gears. 

While jet propelled military fighter planes 
without propeller drives will probably re 
main supreme because of their tremendous 
speed, the geared gas turbine plane with 
propeller is expected to prove far more prac- 
tical for some long range bombers and 
most commercial use. 
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Properties and Limitations 
For Stepped and Tapered Extrusions 


W. H. ARATA 


Production Design Engineer, Lockheed Aircraft Corporation 


Two new types of extrusions are described; their limitations and advantages are discussed; and 
applications are cited. Tolerances and design data are given. The use of rolled billets is 
recommended for parts of sizes larger than those that can be made by the extruding process. 


INSIDE tapered extrusions and stepped ex 
trusions are relatively recent developments. 
Stepped extrusions were originally developed 
to fulfill the need for blanks for spar caps 
that would require little machining. The 
advantages of forming metal parts by these 
methods, as well as the scope and limitations 
of the methods, are discussed here. Although 
the information has been checked against 
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the latest extruding data, advancements have 
; been so rapid that prospective users of these 
new type extrusions are advised to consult 
with an extruding company before basic de- if Mf, ; ee 
. sign is carried to completion. Wt (‘Z 
An inside tapered extrusion has uniform Billet material---~ 
exterior dimensions and tapered interior di- FIG.1 
mensions. Fig. 1 illustrates the method of 
forming a hollow ingot into an_ inside 
tapered extrusion. Inside tapered extrusions Fig. |—A diagram showing how 
h are extruded on the same equipment as an inside tapered extrusion is 
vs standard extrusions. formed from a hollow ingot. 
A stepped extrusion is actually two uni- 
™ form sections made in one piece. As shown 
it in Fig. 2, the smaller section leaves the die 
at first. Split or removable dies are required to P 
7 remove the extrusion. The larger section of , Z 
hs a stepped extrusion, Fig. 3, is not limited Z lle? radius 
—— b BZ FIG. 3 
gh wading ply rare Ba “Split <Q 
its : a Fig. 3—A typical stepped extrusion. 
all or removable dies are required. The fillet rade is the oa at all points 
3 along the boundary between the Gee 
oe and smaller parts. 
anc , SS i / VA pi 
vi Mddlldlllll 
ore Wee Gig G ‘ay ACK by the length of the die, Fig. 2. The ste 
The mpi GS yy y the length of the le, Fig. 2. ihe step 
“a CLES TEE: YUL yyy CEU Wp eG, Z gay can be made at any desired point along the 
um. Wells yitiys Yl YG Mg N length of the section so long as its position 
“a We GY) hy ~ is compatible with the billet size and ma- 


S 2 ty 


H 007 V4! GHA: chining costs. 
tact Stepped — 


| AS SS 
_ fresad Ay YU The material commonly used for these 
ral extrusion WH, W/V "YG yy /, Wis extrusions is 24S-T aluminum alloy. Under 


on most conditions the 75S-T and 14S-T alloys 























Pa Hons = Second or Billet ‘Piston are also satisfactory. Table I contains data 
lous .~ Fa material on average mechanical properties for these 
with alloys. Although not commonly used for 
prac: FIG. 2 stepped and inside tapered extrusions, 17S-T 
poet and 53S-T are included to complete the 

tabulation of the extrudable aluminum alloys 
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Table I—Mechanical Properties* (Longitudinal) of Aluminum Alloys for Extruded Ports 


Ulumate: Tensile Tensile Yield Elongation 


Ultimate Shear 


inmate Bearing 


Strength, Ib. Strength, lb. in 2 in., Strength, lb. Strength, Ib 

Alloy per sq. in. per sq. in. Percent per sq. in. per sq. in 
14S-T 60,000 50,000 7 56,000 90,000 
178-T 50,000 32 ,000 ]2 30,000 75,000 
24S-T 57 ,000 42,000 12 35 ,000 85,000 
+24S-T8 64,000 55,000 5 39,000 96 ,000 
538-1 32,000 25,000 10 22,000 48 000 
75S-T 78,000 70,000 6 +7 ,000 101 ,000 


*Tvpical or average values. 


to anv machining or forming operations. +24S-T aged. 


Physical properties will vary according to sectioa thickness as well as from sequence of heat-treatment relative 





Table Il—Specifications of Aluminum Alloys for Extruded Parts 


Aeronautical 


Army-Navy 
' Material 
Navi 


Alloy Aeronautical Federal 


Specification Specification Specification — 
148-1 AN-A-8 
178-T OQ-A-351 46-\-4 $151 (T 
248-T QQ-A-354 46-A-9 4152 (1 
538-T AN-A-11 
738-T QQ-A-331 $6-A-10 


Notes: 1. Refer to appropriate specification for proper condition or temper callout. 
2. Current revision letter for each specification not included in above table. 





Nor effective 


rmaterral 









Fig. 4 Grain structure at transition 
section of stepped extrusion. 





Table I1l—Chemical Composition of Aluminum Alloys for Extruded Parts, percent 


Mg St F¢ Cu Mon Zn ee: ri \Tisc 

Alloy Al . -—— : — : : _ 
Min. Max. Min. Max. | Max.! Min Max. Min. Max Max Min \fax Max. | Toral 
145-1 Balance 02 0.8 0.5 [2 10 3.9 5 0 0.4 12 01 0.10 0.15 
(goa Jalaice 0.2 QS QOS 1 0 35 45 0 4 10 0 1 0.25 0.15 
24S-T Bala ice 1.2 1.8 05 0.5 3.8 4.9 0.3 09 01 0 25 ).15 
535-1 Balance 1.1 1.4 0.5 0.7 0.35 01 01 01 0.15 0.35 ) 15 
758-1 Balance Piet 2.9 0.5 0.7 t.2 2.0 0 10 ) 30 5 1 0.15 0 40 0 ) 15 

6 1 

Note: The above chemical composition percentages refect the requirements given in the specifications shown in Table I]. Procurement s ecih- 


cations may vary composition content slightly depending upon issuing agency. 





Table 1V—Normal Extrusion Press Limitations for Aluminum Alloys 


lable II, in 
conjunction with Table I, gives the latest 
procurement specifications for the above 
mentioned alloys. As a further aid in select 
ing the proper alloy, ‘Table III is given, which 


and to provide a compar;ison. 
| actor 


Wei ght 


Diameter 


350 Ib 
12 in. (24ST and others 
. . yi i Sa 
shows the chemical composition of the 10 in. | 
Length 

aluminum alloys used for extruded parts and 
other applications. 

Extruded shapes between 0.25 in. and 
1 in. in thickness, as a general rule, show 


, tMaximum length. 
higher tensile strengths than either thinner 


Basic Extruded Billet 


Fimshed Extrusion* 


180 Ib. for 8 in. dia. circl 
240 Ib. for 11 in. dia. circle 


50 ft.f 


Billet is the metallic charge inserted in the extrusion press. 
jLoss in weight due to cut-offs of nose and butt billets from the basic billet. 
Length is a function of cross-sectional area relative to weight ot | 





or thicker sections of the same material. 
Static tensile and fatigue tests conducted by 
the Aluminum Company of America on 
transverse and 


the step is between the strength of the butt 
longitudinal coupons of _ section and that of the smaller section. Ex 
stepped extrusions, cut both from the small cept for the portion of the step indicated in 
and the large sections, as well as from sec. Fig. 4, the strengths of stepped portions are 
tions in the region of the step, have indi 


cated that the strength of the material at 


comparable to the strengths of standard ex 
trusions of like size and allov. 
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Lenth, cross-section, and weight a:c the 
primary size limitations. Table IV’ gives 
some common extrusion press limitations. 
Inside tapered and stepped extrusio:.s more 


than 25 ft. long have been extruded success 
fully. Experimental use indicates a max! 


Propuct ENGINEERING — JuNE, 1946 








ianNee 








mum weight of 350 
machining. Rolled billets are recommended 
for parts weighing more than 350 and up to 
1,500 pounds. 


lb. per extrusion pricr to 


TAPERED Extrusions. The inside 
dimensions and taper, that is, the varying 


INSIDE 


wall thickness, are functions of the mandrel 
design and the volume of billet used. The 
same limits regarding proportions and dic 
projections apply for cross-sectional shapes 
of inside tapered extrusions as for standard 
Tables V and VI supply these 
limitations. In order to hold the mandrel 


extrusions 


in its proper position as the part is being ex 
truded, it 1s necessary to extrude svmmetrical 


sections or sections where the pressure at the 
die opening is balanced. Table VII shows 
shapes suitable for inside tapered extrusions. 

he outside configuration has no taper. It 
is constant and governed by the shape of 
the die. Tolerances on external dimensions 
ire given in Table VIII. ‘These are com 
mercial extrusion tolerances. 

Ihe tapered inside surface will be uni 
formly tapered with respect to the outside 
surface within a plus or minus tolerance of 
15 percent relative to wall thickness for ex 
trusions such as those shown in Fig. 5. On 
simpler extrusions a minimum wall thickness 
tolerance of plus or minus 10 percent of 


nominal can be held. This means that a 


0.500 in. wall has an expected tolcrance ot 
plus or minus 0.050 inch 

Phe length of an inside tapered extrusion 
depends upon the billet weight and the 
cross-sectional area. ‘The billet length is r 
stricted by the space occupied by the man 
drel, for mandrel length plus the billet length 
cannot exceed the length of the cavity. 

One inch is the minimum practicable hole 
size. Change in degree of taper in the in 
side wall is possible. ‘The change is incorpo 
rated in the design of the mandrel and an 
allowance should be made also in the size of 
the billet with which to charge the extruding 
press. Depending upon the cross-section, the 
cost of dies for inside tapered extrusions are 
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Table V—Standard Minimum Extrusion Thickness 
ve a 
i Section Width in Inches | _, > 
= 1 ’ . 2 : 5 thirinest soinng 
| Under | [+2 2-3 1-4 4-6 6-8 S-10 10-12 web thickness 
0.0I5 R rir. 
= 7 " .s - ia » ; - - 0.0/5 R } 
14S-T | 0.125 125 0125 O<:.125 0.125 O11 0.18 0 250 { Pood — 
17S-T | 0.050 }0o2 0078 0109 O.141 0.156 0.187 0.250 
24S-T .4 
535-1 0 040 9 O50 0 063 0.078 0.094 0.109 0.125 0.125 <Y 
ion 758-T 0100 98125 O125 60.125 0125 O188 0.375 0.437 Die projection should not exceed 
4 tol length-width ratic 
= nside taperea Table ViI—Die Section Limitations 
errrusion 
Polerance on Corner 
And Fillet Radii bee - - 
IS¢ Section 1 
width 
ta Radu, in Tolerance 
15 . : 1 
15 inder 0.188 + 2.015 in. T- -- Thickness [ 
15 0.188 and ove 10 percent 
15 FIG. 5 
I> Fig. 5—Irregular shaped inside tapered 
tube can be split to form two tapered 
cifi- hat sections or four Z-shaped sections. Table Vil—Shapes Suitable For Inside Tapered Extrusions 
| 
7 Table Vili—Linear Dimension Tolerances for Heat-Treated 
Aluminum Alloy Extruded Parts = ~ 
| 
lolerance “Tolerance on dimension where | 
Plus or metal on leg is } in. thick or 
Dimension, in Minus, in. less or projects more than 2 in 
ip through 0.125 0 010 0.020 
> 0.126 “ 0.500 0.015 0.030 
0.50; 4 1.000 0.020 0.040 
l 001 ‘i 2.000 0.025 0.050 
2 001 3.000 ) 030 0.060 
5.001 4.000 0) 035 0.060 
— 4.001 5.000 040 0.090 
5.001 6.000 0) O45 0.090 
6.001 7.000 ) 050 0.110 
tne /.OO] § 000 », O55 0.110 - a 
ives 8.001“ 9000 0 060 0.130 pstnat sorsapeepisdtonl 
ae 9 001 Pr 10.000 0) 065 0 130 ; CQua/ or symmetrical 
10.001 - 11.00 ) 070 0.160 seetinaeepiinncel-4 
more 11.001 . 12000 0 080 6 140 prevent mandre/ 
“a : eee a =i2 shitting during 
\aXxI- Closer tolerances will markedly increase costs. [ ee 
1946 
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sree | Wiperki| “Resin. | Fastor |) Appeos | pps | ARbrer | Factor 
3.45 4.14 7.76 2 1.096 | 1,315 10.016 8 
2.653 3.184 6.548 2 | 0626 0.757 9.74 13 
52.197 | 62.636 | 29.644 } 5.683 6.82 19.8 3 
18.092 277 10 18.22 1 | 5437 6524 13.174 2 

— | 





Fig. 6—Representative stepped extrusions with approximate dimensions and fillet radii for use in die design. 


two to three times the cost of conventional 
extrusions dies. 

A 3 deg. tolerance between the major and 
minor axis of the inside dimension with the 
major and minor axis of the outside dimen- 
sions (i.e. orientation of tapered hole with 
respect to the outside surface of the extru- 
sion) is required for parts like the one 
shown in Fig. 5. The thinner the wall, the 
greater the tendency of the extruding pres 
sures to equalize with the mandrel, thus 
tending toward less twist. Refer to Table IX 
for straightness tolerances. 

The inside and outside surfaces of an in- 

side tapered extrusion are comparable to 
typical aluminum extrusions and relatively 
free from deep lines and scratches. Quite 
often, as an additional step to save weight, 
inside tapered extrusions are machined on a 
milling machine. When designing templates 
for the milling machine, allowance must be 
made for the extrusion wall thickness toler- 
ances. The probability of warp and twist 
resulting from the machining of thin wall 
sections must also be considered. 
SteppeD Extrusions. The larger section 
must completely circumscribe the smaller 
section. Although desirable, it is not neces- 
sary for the two parts of a stepped extrusion 
to have a common base. This makes fewer 
directions for metal flow during extruding. 
At present, stepped extrusions are made with 
only one step and with the section reduced 
in only one direction. 

Stepped extrusions can be combined with 
inside tapered extrusions. The large end of 
the tapered hole must be at the butt end 
and the hole must extend through it. 

Fillet radii at the step are necessary. They 


should be equal in all planes normal to the 
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cross sections at the step. Fig. 6 gives radii 


used for the particular shapes. These values 


should be followed in determining die design. 


Die construction does not permit the use of 
large tapering fillets. Gradual changes in 
cross section instead of fillets are uneconomi- 
cal because they must be machined into the 
extrusion. Die construction for stepped ex- 
trusions also prohibits the great variety of 
wide, thin flanges, commonly available on 
commercial extruded parts. Refer to Table X 
for angular dimension tolerances. 

An allowance of 0.125 in. for machine fin- 
ishing of large stepped extrusions is recom- 
mended to compensate for mismatch and 
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Fig. 7—Tolerances applicable to the 
stepped section of a stepped extru- 
sion. Fig. 8—Billet for a single beam 
cap prior to any machining. 





Table IX—Straightness Tolerances 
For Inside Tapered Extrusions 


Length 








Tolerance 
up to 5 ft. 1/16 in. bow 
5 to 10 ft. 1/8 in. bow 
over 10 ft. 1/4 in. bow 





Table X—Angular Dimension Tolerances 
for Heat-Treated Aluminum Alloy 
Extruded Parts 

















Leg | Tolerance 
eecenenaaeceneeit — | plus or minus, 
Length, in. Thickness, in. eg. 
: 7 ane 
uptelin. UptoQ.125 | 2 
Over 1 in. Up to 0.125 | 3 
over lin. 0.126 to 0.187 | 2 
over 1 in. Over 0.187 1:5 
} 
straightening, see Fig. 7. An_ allowance 


of 0.06 in. is sufficient for machine finishing 
of small stepped extrusions. Smaller allow 
ances may not provide sufficient material for 
machining to designed dimensions because 
the parts of a stepped extrusion often depart 
from alignment because of the factors in 
forming, heat-treating, and stretching. 


Bittets. Parts that are too large 
for fabrication as extrusions often can be 
made from rolled billets. A 14S ingot is hot 
trolled into a billet having sufficient cross- 
sectional shape to permit the fabricating of 
the part from the billet. After rolling it 1s 
heat treated and straightened. 

The billet is designed to achieve the de- 
sired structural characteristics and at the 
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same time having stock such that the at- 
taching fitting can be machined integral with 
the simulated extruded cap section, which 
is finished to size on a spar mill. Fig. 8 
illustrates a billet for a single cap. 

Quite often the original billet may be so 
designed as to allow the fabrication of two 
caps from a single billet, the billet being 
only slightly larger than one required for a 
single cap. The utilization of raw material, 
by splitting lengthwise, is shown in Fig. 9. 
The cross-sectional area is approximately 29 
square inches. 

The Model B-17 airplane used 304 in. 
inside tapered 24S-T aluminum alloy extru- 
sions of square cross section as wing spar 
chords. These spar chords are extruded with 
a circular cross section and are then drawn 
to the round cornered square having an ex- 
terior radius at the corner of 0.75 in. The 
minimum wall thickness at the large end of 
the taper is 0.125 in. The wall thickness at 
the other end is 0.500 in. The spar chord 
weighs about 77 pounds. The constant out- 
ide width is 2.68 inches. 

lapered angles can be made by cutting 
nside tapered square or rectangular tubes. 
Figs. 10(A) and 10(B) illustrate two 
ways of splitting the tube. Tapered hat sec- 
tions are produced by cutting an_ inside 
tapered extrusion in half. See Fig. 5. Quite 
often such sections are machine tapered on 
the outside after the basic extrusion has been 
cut in half. Resultant distortion from the 
machining of thin sections must be avoided 
Inside tapered extrusions, similar to the one 
shown in Fig. 5, have been designed weigh 
ing 242 lb. and having a basic length of 240 
in. for use as skin supporting stringers. 

Stepped extrusions are being used instead 
of both hammer-forged blanks for attach 
ment fittings and sheet metal hat sections 
primarily because the parts can be fabricated 


from stepped extrusions at lower costs. In- 
dustrial uses of stepped extrusions, though in 
its infancy, include pre-shaped forgings and 
blanks for machining. Fig. 6 gives shapes 
that can be expected from stepped extru- 
sions. Longer extrusions of these shapes are 
practicable. The factors shown in the table 
of Fig. 6 are a “rule of thumb” measure 
ment of the section shape and are used to 
gauge the price of the extrusion. The factor 
for any extrusion is determined by dividing 
the perimeter in in. by the weight per ft. in 
pounds. 

The advantages of one type of construc 
tion over another are evaluated to a large 
degree in terms of total cost of production. 
Designers specify one type in preference to 
another because of savings in material and 
labor costs. Thus studies and comparisons of 
actual production costs are essential to a full 
appreciation of the advantages. Shop costs 
differ with different companies so that a less 
costly method for one manufacturer may not 
prove less costly to another. Such intangibles 


} 


as handling facilities, rejection rates, and 


sequences of assembly should be balanced in 
with the real costs. 

In conclusion, the following general ad- 
vantages can be cited. ‘The integral construc- 
tion of stepped extrusions and rolled billets 
have fewer parts, which often weigh less than 
built-up parts. Although machining is usually 
required, there are fewer assembly problems 
for final installation. The hollow extrusion 
with the taper on the inside simplifies the 
assembly problem because the mating parts 
are not affected by the tape: 
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Fig. 9—A diagram showing how a rolled billet can be cut into two tapered parts. 
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RESEARCH—STANDARDS—PATENTS 


Naval Research Laboratory 


its Contributions to War and Peace are Reviewed 


“THe Navat Researcu Lasorarory, located 
on the Potomac River in Anacostia, Wash 
ington, 1D. C., had its origin in the work 
of the Nava) Consulting Board, which was 
formed durmg the first World War. Spark 
plugged by Vhomas Edison, this Board had 
toresecn the need for a group whose sole 
mission was to adapt scientific advances to 
the improvement of the Navy. ‘The Naval 
Research Laboratory has been working to 


ward that end since its establishment in 
1923. 
The mam plant of the Laboratory is 


spread over an area of 55 acres. It consists 
of nearly fifty buildings, used as laboratories, 
shops, and barracks for service personnel. 
Research functions of the Laboratory 
are not confined to engineering and specific 
military applications; they include research 
in the basic sciences as well. ‘This is shown 
in the orgamzation of the Laboratory, which 
includes the following major divisions: 


Airborne Radio 
Aircraft Fdectnical 
Chemistry 
Klectrome Special Research 

Fire, Missile and Pilotless Aircraft 
Mechanics and Electricity 
Metallurg, 

Physical Optics 

Ship Shore Radio 

Sound 


Research 


Phere are also. service 
the Radio Material 


Coordinating 


such as 
\irborne 
electronic 
Among the facilities 
provided for the technical divisions are a 
machine shop, foundry, woodworking shop, 
and drafting \t present. the total 
number of emplovees is approximately 5000, 
of whom about 
remainder 


ictivities 
School, the 
Group, and thx 
Field Service Group. 


TOOM). 


half are civilhans and the 
Naval personnel 


War Contributions 


It is not generally known that the Naval 
Research Laboratory imitiated one of the 
first methods for separating U-235_ from 
U-238 for the production of atomic energy. 

Dr. Ross Gunn of NRL. who had been 
interested in “‘atom-splitting.” in) March, 


1939 became convinced that atomic energ\ 
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was a possibility in the near future. ‘The 
Navy's Bureau of Engineering was interested 
in the project, not as an explosive but for 
ship-propulsion, and allotted $3,000 to start 
the project. 

Dr. Philip H. Abelson of the Carnegie 
Institution had been working on an appar 
ently practicable method for securing a con 
centrate of U-235. In 1940 NRL made 
arrangements to finance his efforts, and later 
moved him and his apparatus to Anacostia. 
Ihe Gunn-Abelson method, called ‘thermal 


diffusion’, actually produced U-235 in small 
quantities from a pilot plant constructed 
in the Laboratory in 1942 and 1943. 


In December, 1942 NRL turned over all in 
formation and patents to Major-General 
Groves, in charge of the Manhattan Project. 
\ vear later NRL started building a larger 


pilot plant at the Philadelphia Navy Yard, 
which was completed at a cost of $2,000. 
000. In 1944 the Manhattan Project took 
the Philadelphia pilot plant as a model for 
construction of a similar plant at Oak 
Ridge, ‘Tennessee. 


NRL’s interest in radar goes back to 1922 


when Dr. A. Hoyt ‘Tavlor and Leo C. 
Young observed the disturbance in radio 
waves caused by a passing steamer. ‘Tavlor 


and Young continued their work unobtru 
sively, and in 1930 it was discovered that 
an aircraft could be similarly detected. The 
possibilities of detection by radiation so in 
terested the Bureau of Engineering that 
its Chicf, Rear Admiral Bowen, sponsored 
a research project in 1935, and since that 
time Radar research has been an 
panding phase of NRL’s 


ever Cx 
ictivities. Dr 


R. M. Page of NRL solved the problem 
of designing a transmitter and receiver that 
could be placed in the same ship. In April, 
1937 the NAF model radar was proved at 
1939 it had been thoroughly 
On Pearl Har 


sea, and by 


tested in battle maneuvers. 





Aerial photograph shows laboratories and shops of the Laboratory. 
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Million-gallon tank oil fires were extinguished in several minutes at a recent 
test at Findley, Ohio, using chemical materials and equipment developed at 
the Naval Research Laboratory for fighting oil fires. 


bor day, there were 20 units in operation 
on selected vessels familiar with the tactical 
and navigational employment of the new 
device. 

NRL developed the first Radar submarine 
mtenna which enabled the sub to rise to 
periscope depth and search for aircraft be 
tore emerging. This set was merely a warn 
ing device, as it was non-directional. It then 
became a danger, as it was a magnet which 
quickly attracted hostile air attack. NRL 
then perfected a directional radar antenna 
for use with Western Electric Radar System. 
This set was so effective that it could be 
used as a fire-control instrument and several 
Japanese ships were actually torpedoed with 
out being seen. Beneath the surface, Sonar 
performs the same functions as does Radar 
n the atmosphere, and the principle of 
operation is parallel. Sound waves are emit- 
ted from a submerged “transducer”, they 
“bounce” back from an obstacle, and are 
picked up again by the transducer. 

lhe Chemistry Division developed a rain 
repellent film which is sprayed on_ glass 
surfaces. It has proved more effective than 
vindshield wipers and can be used on the 
urved surfaces of greenhouses, bomber 
noses and blisters where wipers would be 
mpractical. Even more important was the 
successful production of a fireproof and low 
freezing hydraulic fluid. Most designers pre 
fer hydraulic control systems to electric, but 
they had avoided the use of liquid systems 
i military planes because of the fire hazard 
nd because of frequent failures at extreme 

titudes due to freezing. 

\s a result of this development, most 
Naval aircraft are designed with hvdraulic 

stems. The Chemistry Division also 
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shared in the development of self-sealing 
gasoline tanks. 

Other wartime developments credited to 
the NRL are: microwave anti-submarine 
radar, under water sonic detectors, the 
Sono-Radio Buoy, magnetic buoys, a non- 
reflecting lens coating for optical instru 
ments and countless radio transmitters and 
receivers for specialized purposes. 


Peacetime Applications 


Although many of the developments of 
the NRL during the war can be applied 
to peacetime uses, there are a large num- 
ber which promise to find immediate appli 
cation in industry. Some specific examples 
follow. 

The Navy's need for piezoelectric crystals 
in Sonar gear resulting in a new method of 
producing crystals. Early in the war, a new 
crystal, ammonium dihydrogen phosphate, 
was demonstrated by the Brush Develop 
ment Co. and adopted by the Navy. A group 
of the Laboratory’s scientists were assigned 
the job of helping to get the new crystal into 
production and to measure the properties 
essential to the most efficient design of pro 
jectors. Cooperating with industry, enough 
of the technical problems were solved that 
projectors using the new crystal were being 
constructed on a large scale within approxi 
mately a vear. 

The properties of the new crystal are 
more constant with temperature and it is 
chemically stable within the temperature 
ranges encountered in service. They will 
withstand enough power to generate cavi 
tation in the water without danger to the 
crvstal burning out, so that the crvstals are 


The supersonic interferometer is used to 
measure velocity of sound waves in liquids, 
between —10 and +100 deg. C. 


no longer limiting factor in the range of 
Sonar devices. The increased power handling 
capacity and temperature stability have 
made possible the design of a varicty of 
more dependable pic zoelectfic devices includ 
ing vibration pickups, blast gauges, inter 
ferometers, phonograph pickups and hearing 
aids. 

A similar problem is the supply of quartz 
for oscillator control. The inherent mx 
chanical strength and the small variation of 
the properties of quartz with temperature 
make satisfactory replacement by a softer, 
water soluble crystal very unlikely 

An investigation of the character of the 
“twinning” that excludes all but a small 
fraction of natural quartz from use as oscil- 
lators has been made to determine the possi 
bility of using portions which are now dis 
carded. A method recently developed by 
NRL now appears very promising for the re 
moval of electrical twinning at least for those 
plates oriented in the ‘cut’ most uscful to 
the Navy. Successful large scale develop 
ment of this process could probably double 
the usable quantity of natural crystals 

The possibility of growing quartz svn 
thetically is also being investigated, and 
methods of growth by hydrothermal syn 
thesis have been developed with which it is 
planned to grow not only quartz, but the 
other mineral-like piezoelectric materials as 
well in search for a crvstal which can extend 
the range of high frequency control 


Altitude Test Chambers 
Another line of research at the NRL, illus 


trating extension of the limits of environ 
ment, is scen in two of the several altitude 


493 








Fyvacuvated 
eh et AL: ration y 


f 


hamber 


r 


OTs 2 at Oo”? 
monitor”; 


x-ray output 


INDUSTRY AND SOCIETIES 








*“Magnetizing 
col/ls 


ie. 
— 


L-Hollow base 
“and cooling 
ducts for heat 
arssipation 


Blower for 
cooling 





Betatron at NRL is used for inspection of thick metallic sections and for X-ray 
studies. Equipment shown above was developed at the Naval Research Laboratory. 
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Altitude chamber at Naval Research Laboratory simulates rapid changes in pres- 
sure, temperature and humidity, which are experienced by aviators. 


chambers at the Laboratory. The first alti- 
tude chamber, shown in the drawing, pro- 
duces temperatures between —105 deg. F. 
and +170 deg. F., humidities between 15 
and 95 percent for wet bulb temperatures of 
+35 deg. F. to +102 deg. F. and altitudes 
up to 70,000 feet. 

The rapid rate at which conditions may 
be changed make this chamber the Labora- 
tory’s foremost piece of environmental 
equipment. Representative of its rapid 
change characteristics is a simulated climb 
from sea level and +49 deg. F. to 35,000 
feet altitude and —70 deg. F. in seven min- 
utes, and the return dive to sea level and 
+140 deg. F. in only 40 seconds. The prin- 
ciple of operation is storage of refrigerating 
and heating capacity in the compartments 
which can be isolated for this purpose. Test 
facilities include electrical connections for a 
wide range of current characteristics; two 
high-speed shafts through the chamber walls 
for driving aircraft generators inside the 
chamber and a huge motor operated door 
for entrance of large test equipment. 

The second or “Blast-Cooled Test Cham- 
ber” is designed for testing aircraft gener- 
ators, particularly in connection with brush 
problems. Temperature, humidity and alti- 
tude conditions to which the generator is 
subjected in actual use may be duplicated. 
The chamber can attain temperatures be- 
tween —85 deg. F. and +180 deg. F. and 
altitudes to 80,000 feet. Humidities to 95 
percent R. H. can be maintained above a 35 
deg. F. dew point. Blast cooling air can be 
furnished at temperatures from existing 
imbient to 65 deg. F. By means of the air 
dryer, even air at ambient temperatures may 
he dried to a —80 deg. F. dew point. 


New Materials and Equipment 


Contributions of the Chemistry Division 
to industry have also been considerable. A 
few of these are: 1. A foam-producing ap- 
paratus for extinguishing oil fires. This 
method, which both cools and smothers, has 
proved more effective than pre-war devices 
in extinguishing oil-tank fires; 2. A lining 
for concrete which makes possible the stor- 
age of gasoline in concrete tanks; 3. Several 
synthetic non-petroleum lubricating oils and 
greases which, for special purposes, exceed 
the efficiency of petroleum-base products. 
As an example, one of these oils makes pos- 
sible the operation of electric motors at very 
high temperatures, in turn making prac- 
ticable the production of lighter and smaller 
motors without reduction of horsepower; 
4. A shark repellent, found very useful by 
fishermen, because it keeps sharks from tear- 
ing their nets; 5. Previously mentioned is 
the non-flammable and low freezing hy- 
draulic fluid. This can be used to increase 
the safety and temperature range of any ma- 
chine which uses a liquid power-train; 6. In- 
vestigation of the dielectric qualities of vari- 
ous liquids and the invention of a meter for 
measuring the dielectric impedance of the 
liquid. By placing this meter in a pipe, the 
presence of water in oil or gasoline, for in- 
stance, can be detected immediately; 7. Oxy 
gen rebreathers and air analyzers, developed 
for use in submarines and high altitude air- 

raft, can be put to practical use in deep 
mines and by fire departments 
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Precision Casting Comes Of Age 


GRADUATING FROM DENTISTRY TO INDUSTRY, 
the “lost wax” process of casting has come 
to the attention of engineers as a method of 
increasing flexibility in design of machine 
parts. Proponents of this method claim 
that parts with shapes too intricate to ma- 
chine or forge economically, or those made 
of the war-born “super-alloys” too tough to 
form or finish by conventional methods, can 
be cast to tolerances of 0.003 in. or less, leav- 
ing a dense and strong internal structure, 
strong thin sections, and a surface that re- 
quires practically no finishing. 

Most dramatic example of intricate parts 


made by precision casting are turbine blades 
for jet engines, including those of the much- 
publicized P-80 plane. But precision casting 
is finding increasing use in the production 
of such everyday industrial parts as bushings, 
gages, pump impellers, injector nozzles, mul- 
tiple dies, scale pivots, valves, reciprocating 
slides, shoe sole and heel molds, textile ma- 
chine parts, wearing plates, cathode man- 
drels, “squirrel cages” and cutting tools. 
Although precision castings have been 
made to some extent with metal and plaster 
molds, the lost-wax method is gaining in 
prominence. Known more than 2,000 years 
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ago by the ancient Chinese, this technique 
became important in the 1930’s in the 
making of dentures and jewelry. It can now 
be used with both low and high melting 
point alloys. Patents on the investment ma- 
terial and some of the equipment used in 
the process are held by Austenal Labora- 
tories, Inc., and the Haynes Stellite Com- 
pany, a division of the Union Carbon and 
Carbide Corporation. 

Shown in the accompanying drawings are 
the basic steps in the precision casting 
process. The molds shown at the top of the 
diagram are soft metal dies prepared from a 
master pattern. Then, necessary cores are 
placed in the die and wax is injected into the 
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die by means of a “gun” which is inserted 
in the die and emptied by a pneumatic ram. 
‘The wax pattern is then removed from the 
die and any cores that are used also are re- 
moved. ‘The wax gate is manually broken off. 
Operators in the assembly’ line inspect the 
wax patterns as they move by on a conveyor 
belt. ‘The patterns are then assembled to 
gates and risers by “wax welding,” and are 
mounted on wax hubs molded especially for 
the purpose. 

The assembly is then dipped in a fine 
silica suspended in a suitable medium. This 
is responsible for the smooth finish of the 
castings, since this coating will later be on 
the mold surface which is adjacent to the 
molten metal. After the dipping operation, 
the pouring end of the wax assembly is 
mounted on a square steel base. ‘The area 
not coated by the dipping process is then 
sprayed with silica. Somewhat coarser grains 
of silica are then screened or “‘stuccoed” to 
the dip coating. The assembly is then car- 
ried through a drying tunnel by conveyor 
belt. 

When the wax assembly has passed 
through the dehumidifying tunnel, a Hastel 
loy flask is sealed to the steel plate with wax, 
to make sure it is liquid tight. The flask is 
then filled with a chemically-hardening in 
vestment material. After the mold is filled, 
it is placed on a “‘shaker table.” The vibra 
tion packs the investment material tightly 
around the assembly and eliminates all air. 
The investment material sets in about one 
hour. ‘The excess investment material is cut 
off with a power saw and the mold is al 
lowed to age for several hours. The stecl 
plate is knocked off, exposing the pouring 
mouth into which the metal will be poured. 

The molds are then placed upside down in 
a continuous furnace, where the wax is 
melted out. The process takes several hours, 
and temperatures reached are from 1300 to 
1900 deg. F., depending on the part being 
produced. Meanwhile, the alloy to be cast 
is being melted in an electric furnace. The 
baked mold is inverted and clamped on the 
furnace, directly over the pouring spout. ‘Thc 
metal is poured by inverting the entire fim 
nace, and air pressure is turned on. The air 
pressure makes possible the casting of thin 
edges and makes the metal dense. The mold 
is allowed to cool slowly. After four hours 
the entire casting assembly is knocked from 
the mold. The excess investment material, 
gates and risers are removed, and the cast 
ings are then finished and inspected. 





Haynes Stellite Company 


Indirect arc furnaces used for melting alloys. The mold is clamped directly on 
the furnace which is then inverted, and the metal is poured directly into the mold. 





Haynes Stellite Compan! 


A representative group of parts made by precision casting. Included are gears, 
jet propulsion blades, cams, pump impellers and spray nozzle parts. 





Britain Plans Industrial Design Exhibition 


BRITISH INDUSTRIAL DESIGN will be put on 
display in an exhibition that promises to be 
Britain’s greatest industrial event in 1946. 
Sponsored and financed by the government's 
Council of Industrial Design, the exhibition 
will be held at the Victoria and Albert 
Museum in London, and will open on Sep 
tember 24. Britain hopes that she can con 
vince the world through this exhibition that 
the standards of her design are up to the 
quality of her products 

This exhibition, to be called “Britain Can 
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Make It.” is being organized on a compre 
hensive, national scale to include all types 
of consumer goods, together with certain 
kinds of civil transport. The policy will be 
to select for exhibition only the best that 
modern British industry is producing. Ex 
hibits will, in the main, consist of new post 
war designs, but good designs which emerged 
just before the war and which are again 
going into production will not be excluded. 

Space will not be sold. ‘There will be no 
exhibits representative of individual firms, 


trade associations, or regional imdustrial 
groups. All necessary information will be 
given to visitors by attendants, who are em 
plovees of the Council. Each commodit 


will be presented according to one or mort 


of three categories 1) in commodit\ 
groups, either in specially designed setting 
or in separate halls: (2) in a series of 24 


rooms, each to represent a different type ot 
household rooms: (3) special features that 
tell a story, such as packaging or children 
furniture. The name of the manufacturer, 
ind where possible the designer, will be pub 
lished, except where an industry 
this practice. 


sbjects t 
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WASHINGTON NOTES 








Flurry of Patent Legislation 
Slated for Congressional Action 


The announcement that the search room 


* of the United States Patent Office is to be 


kept open twenty-four hours a day brings 
with it the realization that patent activity 
in the United States has reached the greatest 
heights in the history of the Patent Office. 
Overcrowded and inadequate facilities in 
the Patent Office have become a byword in 
Washington. Not helping the situation any 
has been the general dissatisfaction with our 
present patent system. Groups from all 
walks of life have expressed their discontent 
with the operation of resent patent ma 
chinerv 

Until recently, the patent situation has 
been hke the weather—muost people talked 
ibout it, but few were willing or able to do 
invthmg about it. Among the latter is 
Casper W. Ooms, new patent commis 
sioner (see November “Washington Notes”’ 
column). Besides acting as a new broom in 
the Patent Office. where he is making 
strenuous efforts to streamline patent pro 
cedures and eliminate outmoded practices. 
Mr. Ooms is actively pushing legislation 
which he feels will go far toward bringing 
our antiquated patent svstem up to datc 


Three Important Patent Bills—Three bills 
ire being most actively supported by Vh 
Ooms. Following is a summary of  thes¢ 
bills, together with their present status 
(names in parentheses are members of Con 
gress who introduced the bills): 

H. R. 4080 (Rep. Bovkin) would attempt 
to speed up Patent Office procedures, now 
sadly behind schedule. by providing addi 
tional personnel for the Patent Office, and 
by authorizing the Commissioner of Patents 
to designate examiners to serve as examiners 
in-chief. The latter action would permit 
these examiners to serve on the Patent Office 
board of appeals, allowing the appeals proc 
ess, now about one year behind, to be mate 
tially speeded up. This bill has passed the 
House, the Senate patents committee, and 
is now awaiting consideration by the Senate. 

H. R. 3756 (Rep. Boykin) requires the 
recording in the Patent Office of agreements 
relating to patents. This bill has passed the 
House and is now before the Senate patents 
ommittee. 

H. R. 3757 (Rep. Bovkin) provides for 
the public registering of patents available 
for licensing. It is felt by many that this bill 
will protect the inventor who is not familiar 
vith markets, and will give manufacturers 
im Opportunity to see, in a simple form, 
what is being offered. Status: same as H. R. 
3756. 


Prolific Patent Legislation— These three bills, 
though important, represent a mere drop 
in the overflow of Congressional patent 
ictivity. Following is a survey of additional 
patent legislation now pending in Congress: 

H. R. 5223 (Rep. Boykin), known as the 
“priority bill”, extends the time, temporarily, 
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for filing applications for patents. This bill 
was designed to meet special conditions 
caused by the war. It extends the applica 
tion time on inventions completed since 
September, 1939—the theory being that the 
war prevented exploitation and marketing of 
these inventions, thus cutting into the 
normal 17-year life of a patent. This bill 
has been passed by the House and is await 
ing action by the Senate Committee on 
Patents. 

H. R. 1439 (Rep. Lanham) would pro 
hibit an inventor from giving proofs of 
“acts” done by him in foreign countries. 
Ihe provisions of this bill are also included 
as Section 9 of H. R. 5223. Status: same as 
i: Be S223. 

H. R. 5940 (Rep. Lanham) makes go 
ernment-owned patents freely available for 
use by U. S. citizens. It is now being con 
sidered by the House Patent Committee. 

H. R. 6071 (Rep. Beall), H. R. 718 
Rep. Elston), H. R. 1190 (Rep. O'Hara 
H. R. 2043 (Rep. Rowan), H. R. 3069 
Rep. Grant of Indiana) and S. 840 (Sen. 
Capehart ill provide for the extension of 
pitents for loss durmg war and for loss 
crused by militarv service. The House bills 
are before the House Committee on Patents 
nd the Senate bill is being considered b 
the corresponding Senate group. 

Hi. R. 5311 (Rep. Henry) provides that 
damages in patent suits be ascertained on 
the basis of compensation for infringement. 
his bill has been passed by the House and 
is before the Senate Patents Committee. 

Several bills which have been introduced 
into the Tlouse have as vet not proceeded 
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any further than the House Committee on 
Patents. These are: H. R. 5506 prohibiting 
the sale of government patents as surplus 
property; TI. R. 5887 (Rep. Lanham), 
authorizing the patenting of woven textile 
fabric designs; H. R. 1178 (Rep. Lanham ) 
removing prior foreign patenting as a bar 
toa U.S. patent, unless such foreign patent 
ing occurred more than 12 months prior to 
the U. S. application 

There are several more important bills, 
which are in the same predicament as the 
above-mentioned legislation. One, Hl. R 
2631 (Rep. Boykin), which would limit 
the life of a patent to a term commencing 
with the date of application (so-called ‘20 
vear bill” had hearings from Mav 29 to 
June 7, 1945, but no action has been taken 
Another, H. R. 2612 (Rep. Bailey). the 
‘“‘anti-cartel” bill, declares certain contracts 
involving patents iid containing certain re¢ 
strictions, to be illegal. and the patents in 
volved null and void. Still another bill 
hung up in the House Committee on Patents 
is H. R. 3694 (Rep. Hartley) which would 
declare a national policy setting up a test 
for determining invention 

Among bills concerning patents, which 
lave been referred to committees other than 
those on, patents, are: Hf. R. 1583 (Rep. 
Wadsworth) which relates to patent in 
fringement suits in the Court of Claims— 
House Judiciary Committee, no action; H. R 
2261 (Rep. Wadsworth), ‘which prevents 
in applicant from losing his rights by failure 
to hile suit in the proper court—same status 
is H.R. 1583 


Hlearings on another patent bill, H. R 
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An aisle in the Patent Office search room is crowded with bookcases and desks, 
leaving little space for those who must consult Patent Office records. 
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3462 (Rep. Voorhis), which were held be- 
fore the House Judiciary Committee in 
February, 1945, were never reported on or 
completed. This important bill covers three 
phases of patent law: (1) Intervention by 
the Attorney-General in patent infringement 
suits; (2) recording of patent agreements 
with the Department of Justice; (3) declar- 
ing certain uses of patents illegal, with crimi- 
nal penalties and revocation of patents. No 
action has been taken on this measure in 
more than a year. 

With Congress seemingly in a hurry to 
get started on its six-month vacation, we 
will not in all probability, see final action 
on any of the aforementioned bills until 
1947. 


Lest We Forget—The Kilgore and Fulbright 


bills for government support of scientific 
and engineering research, although sup- 
posedly offered for lofty purposes, came 
down to earth far enough to consider pat- 
ents. For a full discussion of this aspect of 
science legislation, see the May “Washing- 
ton Notes” columns. Persons interested in 
the future of our patent system should 
study these bills (Kilgore, S. 1850 and Ful- 
bright, S. 1248). In the opinion of many, 
there is more significant patent legislation 
embodied in these two bills, than in all 
other legislation offered thus far. 
Both the Kilgore and Fulbright bills 

on the Senatorial calendar, but debate may 
not be held before Congress recesses. 


Atomic Energy—Senator McMahon’s atomic 
energy bill, S$. 1717, reported favorably by 


the Special Senate Atomic Energy Commit- 
tee with the teeth pulled out of “military 
liaision,” has significant patent features, 
Briefly, these are: 

1. All private patent rights on processes 
for the production of fissionable materials 
must be sold to the government. Private 
production in minor quantities, for research 
purposes, are subject to frequent inspection 
and reports. 

2. Private patents on devices utilizing fis- 
sionable materials are permitted, subject to 
compulsory licensing at “reasonable” royalty 
rates determined by the control Commission 
set up by the bill. This use is not permitted, 
howeyer, until Congress has reviewed the 
specific conditions of use. Use of private 
—s is permitted 90 days after applica- 
tion, if Congress fails to act 





Television-Radar Air Navigation 
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As shown in the Teleran 
scope (lower right diagram}, 
the 
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TRANSPARENT CHARTS 
SHOWING MAPS AND 
OTHER GEOGRAPHICAL 
DATA 





DESIGNED TO MAKE LANDING FIELD APPROACH Safe and efficient, 
a new system of television-radar air navigation has been proposed 
by the Radio Corporation of America. Combining the advantages 
of both television and radar, the system, called Teleran, is only 
in the development stage, and will be ready for flight demonstra- 
tions in about 18 months. 

In its simplest form, Teleran employs a ground search radar 
which surveys the air-space of interest and displays the information 
obtained on a cathode ray tube. This is viewed by a television 
camera, a map of the area is superposed, and the combination pic- 
ture is broadcast by a television transmitter. The picture is repro- 
duced by a television receiver in the airplane, and the pilot sees his 
plane as a spot of light moving across a map; other planes appear 
as different “pips” of light, each moving on its actual course. 

Since the received picture might be confusing if all radar echoes 
were displayed in all aircraft and since the pilot is primarily in 
terested in those aircraft at approximately his own altitude, the 
Teleram system includes a method of transmitting a separate picture 
for each altitude level. 
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pilot's plane is identi- 
fied by the radial line pas- 
sing through the proper pip. 
Each aircraft carries a 
transponder,’ which con- 
sists of a receiver and trans- 
mitter connected together. 
When this transmitter emits 
pulses which depend on alti- 
tude, a discriminator on the 
ground sorts out these re- 
sponses. Geographical data 
are displayed on the super- 
posed map. Altitude, wind 
direction and velocity are 
given in a box near the bot- 
tom of the Teleran picture. 


AIRPLANE CARRIES 
RADAR TRANSPONDER 
AND TELEVISION 
RECEIVER 
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RESEARCH NOTES 





Pacific Research Foundation 


The Pacific Research Foundation was or- 
ganized in May, 1946 by a group of in- 
dustrialists who recognized the need for a 
non-profit scientific and industrial research 
laboratory on the West Coast to serve rapidly 
expanding industries of the cleven western 
states. The industries of the East have had 
such a service at the Mellon Foundation 
at Pittsburgh. The Battelle Institute at 
Columbus, and the Armour Foundation at 
Chicago since 1911, yet on the Pacific Coast 
such institutions do not exist. 

The Foundation will provide an out- 
standing staff of scientists and technicians 
with the most modern scientific equipment 
in the fields of Chemistry, Physics, Metal- 
lurgy, Mechanics and Hydraulics, Elec- 
tronics, Ceramics and Bacteriology. Com- 
panies using the Foundation services will 
pay for the time of the scientists and engi- 
neers assigned to the project, and out-of- 
pocket expense for material and services. 

The Foundation is under the direction of 
its vice president and general manager, 
Ernest L. Black. As a result of Mr. Black’s 
discussions with leading scientists, complete 
plans fer the Foundations were presented to 
a group of Los Angeles industrial leaders 
on November 11, 1945. It was the unani- 
mous opinion of this group that such an 
organization was badly needed on the West 
Coast and recommended that a nationally 
prominent industrial research authority be 
invited to come to California and appraise 
the work that had been done. 

Dr. Henry T. Heald, President of Il- 
linois Institute of Technology and_ the 
Armour Research Foundation, was selected 
to make this appraisal. He completed his 
tour of the Los Angeles and San Francisco 
areas on January 25, 1945. He visited all 
the major universities and many of the in- 
dustrial plants of the two areas and _pre- 
sented his recommendations to a group 
of top industrialists in San Francisco on 
January 26. 

Dr. Heald stated “The need for a_ first 
class research organization to serve Pacific 
Coast industry seems to be well estab- 
lished. The rapid growth of industrial de- 
velopment to its present volume plus the 
prospect of a continued increase creates a 
substantial demand for such services. Such 
an organization can be of real value in 
assisting in the industrial development of 
the area. The Foundation can expect to un- 
dertake projects sponsored by (1) individ 
ual companies for the solution of specific 
company problems, (2) groups of companies 
acting through associations which are in 
terested in problems of common interest. 
(3) Federal governmental agencies such as 
the Army and Navy, and (4) State and 
local governmental agencies interested in 
work of public o1 regional character.” 

It was Dr. Heald’s opinion that operations 
could be started almost immediately if the 
facilities of Stanford University were util 
ved. He recommended that this group ask 
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A NEW FATIGUE TESTING MACHINE, which 
has greater power than any other such ma- 
chine in the country, was completed re 
cently at the Technological Institute of 
Northwestern University. The 30-ton steel 
giant tests the strength of structural ma- 
terials under continued and repeated stresses. 
It can stretch and compress a specimen 200 
times a minute with both an extending and 
compressing force of a quarter of a million 
pounds. 

The machine, which is 25 feet long and 
nine feet high and can test two separate 
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specimens simultaneously, was designed and 
built by Professor Lawrence T. Wyly of 
the civil engineering department at North- 
western. It will be used immediately in an 
investigation of the strength of riveted and 
bolted connections, sponsored by 15 com- 
panies, engineering societies, and govern- 
ment agencies. The rivet research is being 
carried on largely at Northwestern Univer- 
sity, under direction of Prof. George A. 
Maney, chairman of the civil engineering de- 
partment, and at the University of Illinois, 
under direction of Prof. W. M. Wilson. 





Stanford to cooperate with the Pacific Re 
search Foundation by allocating the use of 
some of its engineering buildings and equip 
inent. This was done at the next regular 
meeting of the Stanford Board of Regents 
on February 21. The Regents accepted the 
responsibility of establishing the Founda 
tion at Stanford. 

Dr. Heald also recommended that (1 
the Foundation be organized as a separate 
corporation with trustees from both indus 
try and from the Stanford Board of Regents 
2) that it would be desirable for the Foun 
dation to have an advisory committee in 
cluding representatives of other universities 
as well as industrial organizations and (3 
that since the Pacific Research Foundation 
has done an effective job of creating inter 
est in the area, it would be desirable if the 
Foundation at Stanford be established in 
such a manner as to make it clear to in- 
dustry and the public that it is the same 
program which has been advanced by the 
Pacific Research Foundation. 

Dr. Clyde Williams, Director of Bat 
tcelle Memorial Institute, came to California 


on May 23, at the invitation of Stanford 
University to discuss the best plan of opera- 
tion for the Pacific Research Foundation. 
Efforts are now being made to select the 
director of the Foundation. Neither the 
staff nor the plan of operation will be de- 
termined until he takes over his duties. 


Peacetime Research Grants 


Scientists who have been doing war re- 
search will have the chance to get back 
promptly to peacetime research and teaching 
in colleges and universities through $2,500,- 
Q00 in grants offered by the non-profit Re- 
search Corporation of New York, which de- 
velops inventions assigned to it by public- 
spirited inventors. 

The five-year program, announced by Dr. 
Joseph W. Barker, acting president, will 
result in 100 to 200 grants of $2,500 to 
$5,000 each vear in order that talented 
voung scientists, engaged for the most part 
in war research in uniform or as civilians, 
will be able to undertake at universities and 
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colleges peacetime research in chemistry, 
physics, mathematics and engineering. 

The grants will be made by a special com 
mittee of eminent scientists from industrial 
and university laboratories. The committee 
is composed of Acting President Barker who 
is also Dean of Engineering at Columbia 
University: Dr. Thomas H. Chilton, director 
of enginecring for duPont; Dr. William D. 
Coolidge, X-ray consultant for General Elec- 
tric Co.; Timothy E. Shea, manufacturing 
engineer of Western Electric Co.; Dr. Lloyd 
P. Smith, associate research director of Radio 
Corporation of America; Col. Stafford L. 
Warren, professor of medicine at the Uni- 
versity of Rochester; and Dr. Robert R. 
Williams, coordinator of research of the Re- 
search Corporation. 

\wards will be based primarily upon the 


demonstrated ability of the men who will 
conduct the researches and contribute to the 
teaching program of the school. 


Production Research 


A manufacturing research center devoted 
to improving production methods as distinct 
from conventional research projects in prod 
uct betterment, was announced recently by 
International Harvester Co. 

The unit will be set up on Chicago's 
southwest side in a 230,000-sq. ft. surplus 
war plant for which Harvester is paying $1, 
353,000. The building formerly was used 
by Foote Bros. Gear & Machine Corp. in 
making aircraft engine parts. 

The center’s two basic functions will bc 


(1) to trv out new machines and processes, 
whether offered by the Harvester organiza 
tion or outside suppliers; (2) to find better 
methods for special production problems, 
either on request from manufacturing divi 
sions or on the initiative of the center’s own 
research staff. 

Fight laboratories will handle plant proc- 
ess problems, while a methods improvement 
section, comprising engineers and techni 
cians, will have the down-to-earth task of 
applying the center’s developments in the 
cold light of the dollar sign. This section 
will be responsible for: (1) estimating the 
costs of changes fostered by the center; 
(2) recommending the sequence of produc 
tion operations for new _ products; and 

3) applving the laboratories’ findings to 
existing manufacturmg processes. 





Fiying Wing Makes Its Debut 


\ Giant Frying Wine, with an overload gross weight of more than 
104 tons, has been completed at Northrop Aircraft, in Hawthorne, 
California. The Army, which designates the plane as the XB-35 
bomber permitted disclosure of the following details: 

The Northrop Flying Wing is 172 feet in span, with an area 
of 4,000 square feet, and is capable of operating under overloading 
conditions at a gross weight of 209,000 pounds, more than 104 
tons. It is powered with four Pratt and Whitney Wasp Major 
engines, turning four, eight-bladed Hamilton Standard co-axial 
pusher propellers, and designed to deliver a total of 12,000 horse 
power under military power. The crew nacelle is pressurized. 

The Flying Wing, as its name implies, has no conventional 
fuselage or tail surfaces. It is shaped like a giant boomerang and 
carries its engines in submerged housings which do not protrude 


from the wing surface. 


Control is achieved by means of “elevons,” a Northrop develop 
elevators and_ ailerons. 
Normal crew for the XB-35, is nine men: pilot, co-pilot, bombardier, 
navigator, engineer, radio operator and three gunners. 

Size of the XB-35 may be estimated from the fact that these 
15 men are housed entirely within the wing itself. The only pro- 
tuberances necessary are added to house the defensive armament 

Ihe NB-35’s overload gross weight of 209,000 pounds (1044 


ment combining the functions of both 
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Seen in open — at trailing edge near wingtip is one of the Flying Wing's 
| type drag rudders. Swept-back wing is adaptable to sonic speeds. 





tons) compares with a weight of 130,000 
pounds (65 tons) for the B-29, the Army’s 
heavyweight bomber of World War II. 

Ihe Northrop Flying Wing XB-35 is 
built with a new aluminum alloy developed 
by Alcoa which, tests have shown, is con 
siderably stronger than previous materials of 
similar nature. The XB-35 carries gasoline in 
bulletproof, leakproof tanks, and can carry 
additional gallons in tanks in its bomb bays 
ind other wing compartments. 

‘The wing section itself is 374 feet long at 
the center, tapering to slightly more than 
nine feet at its tips. It sweeps back from cen 
ter to tips, making the overall length of the 
ship slightly more than 53 feet. It stands 
over 20 feet high when at rest on its tricycle 
landing gear, which is equipped with five 
foot six-inch dual wheels on the main geat 
and a four-foot eight-inch wheel on the nos« 
gear. The plane is expected to weigh 89,00\ 
pounds. It is shown above in an_artist’s 
sketch. This is the first of 15 such planes t: 
be made by Northrop under Army contract 
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RECENTLY ELECTED 
SOCIETY OFFICERS 


Pressed Metal Institute, 829 Union Com- 
merce Bldg., Cleveland, Ohio. President— 
Clarence W. Custer, American Stamping 
Co.; Vice President—Carter C. Higgins, 
Worcester Pressed Steel Co.; Secretary- 
l'reasurer—J. J. Boelim, Boelim Pressed 
Steel Co. 


Society of Naval Architects and Marine 
Engineers, 29 W. 39th St., New York 18, 
N. Y. President—William S. Newell, Bath 
Iron Works; Secretary Treasurer—J. H. 
King, Babcock and Wilcox Co.; Assistant 
Secretary—Arlo Wilson. 


American Society of ‘Tool Engineers, 1666 
Penobscot Bldg., Detroit, Mich. President— 
A.M. Sargent, Pioneer Engineering and 
Mfg. Company; Vice President—W. B. 
Peirce, Flannery Bolt Co.; Secretary—R. B. 
Douglas, Canadian Car and Foundry Co 





MEETINGS 


Society for Experimental Stress Analysis 
Spring meeting, including symposium on 
fatigue of manufactured parts, held jointly 
with A.S.T.M., June 24-26, Hotel Statler, 


Buffalo, N. Y. 


American Electroplaters’ Society—National 
meeting, June 17-20, William Penn Hotel, 
Pittsburgh, Pa. 


American Institute of Electrical Engineers— 
Summer Convention, June 24-28, Hotel 
Statler, Detroit. 


American Society of Mechanical Engineers— 
Semi-annual meeting, including first tech 
nical session of the Machine Design group, 
June 17-20, Hotel Statler, Detroit. Aviation 
Division meeting, June 3-6, University of 
California, Los Angeles. Power Division 
meeting, June 12-15, Hotel Schroeder, Mil 
waukee. Applied Mechanics Division meet 
ing, June 21-22, Hotel Shaerton, Buffalo. 


National Association of Power Engineers— 
Annual convention and Power Show, August 
19-23, Hotel Cleveland, Cleveland, Ohio. 

Metal Powder Association Spring meeting, 


June 13, Waldorf-Astoria Hotel, New York. 


American Society for Testing Materials—An 
ual meeting, June 24-28, Hotel Statler, 


B ff ilo, N. 7. 


Institute of Areonautical Sciences—Summer 
meeting, July 18-19, Hotel Hollywood- 
Roosevelt, Los Angeles, California. Light 
Aircraft Meeting, June 13-14, Horace H. 
o kham Educational Memorial, Detroit, 
Mich. 


American Mathematical Society—Summer 
meeting and Colloquium, Aug. 20-23, 
Cornell Universitv, Ithaca, N. Y 
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Highlight of the meeting of the Society of the Plasti¢s Industry, held concurrently 
with the Plastics Show. Dr. E. R. Weidlein, Director of the Mellon Institute of 
Industrial Research presents the John Wesley Hyatt Award to Virgil E. Meharg, 
Bakelite Corporation, and Paul D. Zottu, Consulting Engineer, for their contribu- 
tion to the plastics industry by developing high frequency heating for plastics. 


First Plastics Exposition Attracts Wide Interest 


HELD IN CONJUNCTION with the annual 
meeting of the Society of the Plastics In 
dustry, the huge plastics show arranged by 
S.P.I. brought peacetime plastics home to 
thousands of businessmen and plain citi 
zens at New York’s Grand Central Palace. 
Freed from the restrictions of war produc 
tion, the plastics industry put itself on dis 
play for the benefit of about a third of a 
million buyers, manufacturers and 


engi 


neers, and about an qual number of the 
general public 
Nearly 200 exhibitors at the show offered 


a brief education in the production, mold 
ing, fabricating and finishing of plastic ma 
terials and products. With this profusion 
of products and processes, we can present 
only a few highlights her 

A thermoplastic sheet material which 


can be deep drawn was announced by th 
Hercules Powder Company Laminated 
with cellulose plastics, the sheets can be pro 
duced in any color. Limited mmercial 


quantities of this material are being mad 
by Hercules in 48x48 inch flat sheets. Heat 
forming and deep drawing can be achieved 
with low-pressure equipment. 

A low-cost injection syringe, was ex 
hibited by the Celanese Plastics Corpora 
tion. Injection molded of cellulose acetate, 
the syringe is used for one-time injection 
of penicillin. This is made possible by the 
low cost of the syringe. 

Silicone rubber was featured at the Gen 
eral Electric exhibit. This material is es 
pecially suitable for high-temperature in 
sulation applications. During the war it was 


used extensively in searchlights and sup« 
chargers. 


Electronic heat sealing was shown at the 
exhibit of the Radio Corporation of Amer 
1Ca Used in the fabrication of lothing 
and packaging from rmoplasti sheet 
materials, this method has several advan 
tages. High-frequency electrical energy is 
converted into heat only within the mat 
rial, the electrodes remaining cool Ih 
results in getting heat where it is want 

An ream high-t mperatt baking 
enamel illed POL, was demonstrated b 
the Naugatuck Chemical Di 
United State Rubber Compan Phi 
enamels, although somewhat h priced 
than ordin n f t 
be sup r in long lif istan to h 
temperature wid =e 
Ika] 

Cellula t 
Teflon, wei tstandi t the | 
Company’s exhibit. CCA, DuPont's t 
iame for cellular ul 
oriented, multicellular f [ 
tate, wh primary 1 
rial in sandwich laminat Its f tion 
to increas tittne thout i 

cht. ‘The prod t alla f 
of extruded boards Teflon, tl ix lil 
plasti which resists attack by tl trongest 
icids, was described in “‘Industr | Soci 
ties” for May Its principal will | 
for gaskets, seals and insulation BCM 
1 new thermosetting lig resin. which 
requires low pre lire ind rt ining 


time, was sho 
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laminates. Another new product shown by 
DuPont was solid nylon sheeting, which 
is expected to have leather-like applications. 

New forms of standard plastics were evi- 
dent at the show. Dow exhibited silicones 
as resins, low and high temperature lubri- 
cants, high temperature electrical insulation, 
and in paints. B. F. Goodrich exhibited 
allyl cast resins, trade-named Kriston, in gem 
like colors for potential application in the 
electrical, optical and laminating fields. 
This company also showed polyviny] chloride 
in electrical insulation and moisture-re- 
sistant applications. The American Cyna- 
mid exhibit featured electrical parts molded 
from melamine-formaldehyde resins. 

Of great interest was the molding and 
hobbing equipment exhibited. Included 
were a two million pound hobbing press with 
bullet-proof windows, shown by the Elmes 
Engineering Works; an injection molding 
machine which featured easy access to the 
nozzle, shown by the Leominster Tool Com 
pany; and a large 12-ounce injection press, 
shown by the Watson-Stillman Co. 

Discussing the materials supply situation 
at one of the S.P.I. technical meetings held 
concurrently with the Plastics Show, W. 
Stuart Landes, President of the Plastics Ma 
terials Manufacturers Association, disclosed 
that the tremendous growth of the plastics 
fabricating industry has resulted in an alarm- 
ing shortage of molding materials. 


Lists of Seized Enemy Patents 
To Be Distributed 


Tue Orrice or ALIEN Property CusTo- 
DIAN, in response to wide demand, has 
compiled lists of United States patents seized 
from enemy aliens on nearly 100 different 
subjects of popular interest. Most of these 
patents are available for licensing to Ameri- 
can citizens on a non-exclusive royalty-free 
basis for the remaining life of the patents. 
\ fee of $15 is charged for cach patent. 

A list of the subjects covered by these 
patents, together with an Index and Guide 
to the vested patents may be obtained free 
of charge from any of the Alien Property 
Custodian libraries listed below. There are 
maintained at each of these libraries com- 
plete files of copies of vested patents, ab- 
stracts of these patents, as well as the Regis- 
ter of Patents Available for Licensing or Sale, 
published by the United States Patent 
Office: 

Washington 25, D. C. National Press 
Bldg., 14th and F Streets. 

Chicago 3, Illinois. Field Building, 135 
South La Salle Street. 

New York 5, N. Y. 120 Broadway. 

Boston 8, Massachusetts. 1 Court Street. 

Los Angeles 13, California. 530 South 
Hope Street. 

Kansas City, Missouri. Midwest Research 
Institute, 4049 Pennsylvania. 





DISCUSSIONS AND COMMENTS FROM READERS 





“The Suppression of Patents” 


To the Editor: 

Alexander Morrow, the author of “The 
Suppression of Patents”, abstracted in the 
February issue of Product Engineering, con 
tends that “numerous practices, resulting 
in the withholding of the patents from the 
public, have become encrusted in our patent 
system”. Mr. Morrow’s conclusions appeat 
to be based on incomplete or unverified 
information. For instance, Mr. Morrow 
cites an engineer as saving that a large elec 
trical manufacturing company had a_ great 
deal of money, equipment and stock in 
vested in sleeve-bearing motors and that they 
had no intention of putting out ball-bearing 
motors for some years. 

Whether a sleeve-bearing motor or ball 
bearing motor was to be used by a cus 
tomer obviously depended upon the cus 
tomer’s needs. In the motor sizes where 
a difference in friction losses between a 
sleeve-bearing motor and ball-bearing motor 
were a relatively small percentage of the 
total motor output in comparison with the 
idditional cost to the customer of a ball 
bearing motor, the customer would have 
been ill-advised to insist on having a_ ball 
bearing motor. It is relatively seldom that 
iny customer is willing to pav the price in 
money, time-delay, and other deterring fac 
tors such as additional care, for example 
to obtain the highest available theoretical 
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mechanical efhciency of the equipment. 

The fact that sleeve-bearing motors were 
still sold when ball-bearmg motors were 
wWailable does not appear to be any evidence 
in support of an assertion that there was 
any suppression of patents. 

The very persons who criticize the sale 
of sleeve-bearing motors are apt to be the 
ones who accused manufacturers of de- 
liberately making lamps that burn out in 
1,000 hours instead of 2,000 hours not- 
withstanding that in so doing luminous efh 
ciency can be greatly raised and overall cost 
of electric current plus purchase price of 
lamps be considerably reduced. 

\[r. Morrow also refers, on pages 212 and 
213 of his article, to the fact that foreign 
countries have provisions in their laws for 
compulsory licensing or working without 
showing that anv benefit whatsoever has 
resulted from such provisions in the laws 
of foreign countries. It is understood that 
the provision for compulsory licenses in 
Great Britain is invoked in connection with 
less than 1 percent of all the British patents. 
Compulsory license provisions have not been 
considered satisfactory by Englishmen. 

It is well known that most foreign coun 
tires are backward with regard to mechanical 
ind industrial improvements. The fact 
that one’s competitor can obtain a compul 
sory license on an improved, or what 
Morrow calls, “‘an alternative” method or 
machine can hardly be regarded as any 


inducement for engaging in development 
and research. Under such a practice it is 
much easier and there is a natural tendency 
to sit back and wait for the competitors 
to make improvements and devise “alterna- 
tives” and then copy the successful develop 
ments subject to royalty payment while re 
jecting the unsuccessful ones without having 
incurred any development expense. 
—Freperic B. SCHRAMM 
Richey & Watts 


To the Editor: 

The article entitled “Suppression of Pat 
ents” by Mr. Alexander Morrow assumes 
the fact of patent suppression, without cit- 
ing a single patent which has been sup 
pressed, and then attempts to state the 
motives for suppression. 

The nonuse of patents is not suppression 
any more than the failure to cultivate non 
profitable acres, or the refusal of a house- 
wife to substitute the discarded coal range 
in her basement for her modern electric 
cooking stove, is suppression. Progress and 
profit necessitate the use by manufacturers 
of the best of alternative articles, devices 
and processes. 

The most fundamental error of the article, 
however, is its failure to appreciate the fact 
that the main purpose of the patent laws 
as stated in the Constitution itself is to 
promote the progress of the sciences and 
useful arts by the mere grant of patents 
for what was theretofore unknown, irre- 
spective of the use the patent owner makes 
of them. In this way the sum total of 
scientific knowledge is and has been con 
stantly increased. Such knowledge con- 
stitutes the basis for additional new inven 
tions. Illustrations could be cited by the 
thousands. One example is the synthetic 
rubber patents, such as patents Nos. 1,938, 
730 and 1,938,731, disclosing that kind of 
expensive synthetic rubber now used for 
automobile tires, which, according to Mr. 
Morrow’s theory, were “suppressed” from 
the date of the grants of such patents in 
1933 until our source of supply of cheap 
natural rubber was cut off by the Japanese 
at the outbreak of the war. Lack of supply 
of natural rubber compelled their use during 
the war regardless of the expense involved 

Another example is the crystal radio set 
powered by storage batteries. Many of the 
patents pertaining to these sets are “‘sup 
pressed”, that is, not used by the owners 
However, they are undoubtedly available 
for use by anyone who wants to use them 

With a little investigation Mr. Morrow 
could have learned that his premise is un 
sound. Extensive hearings before committees 
of Congress failed to reveal a single instance 
of patent suppression. (See T.N.E.C. Hear 
ings, 75 Cong., 1939 part 3; Hearings before 
a Subcommittee of the House Committee 
on Patents, 75th Cong., 3d Sess., pursuant 
to H.R. 9529, H.R. 9815 and H.R. 1666, 
and Oldfield Revision and Codification of 
Patent Laws, 1914, 63d. Cong., 2d session. 

—Conper C. HENRY 
Assistant Commissioner 


U.S. Patent Office 
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Alternating Current Power 





For Large Aircraft 


T. B. HOLLIDAY* 


President, Mueller Accessories, Inc. 


Analysis and interpretation of the complex engineering considerations that re- 
sulted in adoption of 400 cycle a.c. power for large aircraft. Relative advan- 


tages of a.c. and d.c. power, methods of distribution, voltage and frequency 


combinations, and 


THE ADVENT of large electrical systems 
for the Super air-transports raises the ques 
tion of whether direct current or alternating 
current power is better suited to the needs 
of aircraft. 

lhe advantages of direct current power 
ire 1) generators can operate at variable 
speed, (2) generators can be paralleled by 
adjustment of voltage only, (3) d. c. 


“PF 
Eng 


merly Ass’t. Chief, Equipment Laboratory, 
eering Div., Air Technical Service Command 
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constant 


speed _ differential 


motors have desirable torque characteristics. 


Phe advantages of alternating current are: 
1) the transformer is a compact and efh 
cient means for changing voltage, (2) the 


induction motor is the simplest rotary elec- 


trical device. 

Principal limitations include the necessity 
for commutators in direct current machines 
and the existence of power factor in alter 
nating current systems. 

The single purpose of improvements in 


couplings are 


discussed. 


the electrical system for aircraft is to reduce 
weight. Weight is the primary considera 
tion for the design engineer, because reduc 
tion in weight permits a corresponding in 
rease in pay load and pay load determines 
the revenue returned by the airplane. It 
has been often proved that a pound saved 
in airplane equipment is worth its weight in 
gold. 

lhe weight of most components in the 
electrical system are directly proportional to 
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Fig. |—Growth of installed generator 
capacity and connected load in military 
aircraft for the past twenty-one years. 


power, and only slightly affected by voltage. 
However, the weight of the wiring is directly 
affected by the voltage. Increase in voltage 
decreases the wiring weight out of all pro 
portion to the increase in voltage. In one 
instance a change in voltage from 30 volts 
d.c. to 200 volts a.c. saved approximately 
one ton of wire. The larger that airplanes 
become, the greater is the relative saving. 

As the size of airplanes has increased the 
connected electrical load has increased, as 
shown in Fig. 1. The growth curve rises 
as an exponential law because of the in 
crease in size of the aircraft and the con- 
current increase of 
accessory uses. As shown on the curve, 
point A in 1937 marks the beginning of 
the use of auxiliary power units for aircraft, 


electrical power for 





Table I—Comparison of Weight of Three 
Types and Sizes of Military Aircraft in 
Rounded Numbers 





Distribution of empty 
weight, lb. 


Plane A Plane B Plane C 











Structure........}| 9,200 15,500 35,000 
Power Plant......| 7,500 13,500 23,900 
Equipment....... 5,300 7,000 11,100 
Total, weight 
empty....... | 22,000 36,000 70,000 





Table Il—Estimated Distribution of Ap- 
proximate Weight of Equipment of 
Planes A, B, C, in Table | 





Plane A, Plane B, Plane C, 





lb. lb. lb. 

0 ee 100 299 276 
PAyGraulic: ....<. 5... 144 fer 
Furnishings. .... 537 998 2,293 
Armament....... 3,025 2,929 4,702 
Surface controls... 305 572 727 
Instruments...... 102 268 243 
BCAGIO. ..ccsce ccc 379 631 560 
Ol 265 430 621 
Lo 182 550 =1,381 
Motors, starting. . 111 204 209 
oS ae 130 150 55 

BOER soos svsaccce 5,280 7,031 11,067 








when the XB-15 carried a 110 volt 800 
cycle generator for supplying auxiliaries. 
[he distribution of weight in three types 
of airplanes is shown by Fig. 2. It is signifi 
cant that the weight of wiring for the 30 
volt systems used by all three planes in 
reases faster than the weight of the air 





plane. Although it is only 29 percent of 
the total electrical system weight in a two 
engine airplane, it is 35 percent of that in 
a large four-engine airplane. Also the bar 
charts reveal that although airplane C is 
only about three times larger than airplane 
A, the weight of the electric wiring is more 
than six times that of A. The values shown 
in Fig. 2 and in Tables I, II and III may not 
agree with the exact weight report for any 
individual airplane because of company differ- 
ences in segregation and allocation of vari- 
ous components. However, they do give the 
general pattern of distribution of weight. 
The theoretical benefits that result from 
increasing the voltage is shown by Fig. 3. 
If the voltage is quadrupled, theoretically, 
for supplying the same load only one 
sixteenth the weight of conductor 





Table IIl—Estimated Distribution of Ap- 
proximate Weight of Electrical Equip- 
ment of Planes A, B, and C, in Table | 





| Plane Plane Plane 


A, lb. B, lb. C, Ib 





parece cai 


Motors, starting........ 11 


1 204 209 
Motors, deicing......... _: l¢ 10 
Motors, armament......] 25 60 = 120 
Motors, furnishings......]  .. 100 = 200 
Motors, instruments..... | 10 60 60 
Generators and controls..} 96 193 263 
BEAEROPIOS. 5 i:d csc a's ase 6000 169 237 82 
Auxiliary power unit. E veana 276 
Instruments, electrical. | 4 4 
ee ee | 26 4¢ 50 
Lo Sree 97 317 901 
eS eee 10 22 8¢ 


Boxes, panels, shields....| 38 121 101 
Relays and solenoids... .| 97 
Plugs and receptacles....} 16 138 
Switches and rheostats.. 12 40 58 
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Fig. 2—Weight distribution in three of military airplanes with empty weights of: A-22,000 lb.; B-36,000 Ib.; and C-70,000 Ib. 
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Fig 3—Graph showing the theoretical benefit of increasing 
the distribution voltage in terms of weight per 100 ft. of 
copper conductor operating at 97 percent efficiency. 


quired. For example, to supply a 100 watt 
load at 30 volts requires 1.12 lb. of copper 
per 100 ft.; but at 120 volts it requires 
only 0.07 Ib. Similarly for 1,000 watts, 30 
volts requires about 11.5 lb. of copper, but 
120 volts requires only one-sixteenth of that 
weight. 

It is not always practical to gain the 
theoretical saving in weight, because for me- 
chanical reasons AWG No. 20 wire is the 
smallest conductor recommended for air- 
craft wiring. Smaller conductors can be 
damaged or broken during installation or 
while in use in the airplane. As shown 
by Fig. 4, using a 120 volt d.c. system 
instead of a 30 volt d.c. system, a 22,000 
lb. plane saves about 80 Ib. of copper, and 
a 36,000 Ib. plane saves 200 lb. of copper. 
he size of plane increased about 60 per- 
cent but the weight of copper increased a 
150 percent. The a.c. system shown te- 
quires about 10 to 20 percent more weight 
ot wiring than the 120 volt d.c. system. 

\nother approach for comparing the rela- 
tive merits of d.c. and a.c. is an analysis 
of the kind of current required for the 
vanious electrical loads in military aircraft. 
\n airplane using a primary electrical sys- 
tem of direct current, must convert approxi- 
mately one-fourth of the total power to 
ilternating current power for use in radio, 
‘idir and control equipment. Conversely, 
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if the power is a.c., only, two percent must 
be converted to d.c. for supplying solenoids 
and microphones. Approximately 75  per- 
cent of the total electrical load of the 
airplane, including motors, lighting equip- 
ment, and heaters, can use either a.c. or 
d.c., but approximately 23 percent requires 
alternating current power. 

Another factor in the design of electrical 
system for aircraft is the selection of the 
electrical distribution system. Most aircraft 
have all-metal construction which serves as 
a return circuit for either a.c. or d.c. A re 
lated problem is the choice of the number 
of phases in an a.c. system. A three-phase 
system permits better motor design. A 
single-phase system is simpler and requires 
no balancing of loads. 

If a three-phase distribution system is 
used it may be connected in delta or wye. 
If neither is grounded there is little differ- 
ence. But a four-wire wye circuit with a 
grounded neutral has many advantages. In 
the four-wire system, if one line is broken 
the electric motor will still operate at 80 
percent starting and running torque; if two 
lines are severed, the motors will deliver 
50 percent running torque for a short time. 
From an analysis of these factors, the Army 
Air Forces selected a 208/120 volt, three- 
phase, four-wire system for development. 
This makes available three single-phase 


different voltage s 


Fig. 4—Practical realtionship of the weight of wiring of 
ee: for various weights of aircraft. 
The larger the airplane the greater the relative saving. 


power lines with standard 120 volts from 
each phase to ground. 

From a similar analysis, the best d.c. 
system is a high voltage three-wire system. 
In an all-metal aircraft with the mid-point 
of the system grounded, two 120 volt cir 
cuits to ground and a single 240 volt cir 
cuit between lines are provided. 

The next problem is the choice of fre 
quency. A direct current machine is simply 
an alternating current machine with a com 
mutator; a modern direct current machine 
operates at relatively high internal frequency. 
Steady progress has been made in reducing 
the weight and improving the efficiency of 
d.c. generators and motors. Most of thes« 
machines operate at internal frequencies of 
200 to 300 cycles per second, which is 
commutated for direct current operation. 
During initial studies of the alternating cut 
rent system for aircraft, the frequencies that 
were considered included 60, 120, 180, 240, 
360 and 800 cycles per second. Engineers 
of the Army Air Forces considered using 
a multiple of the industrial frequency of 60 
cycles per second but discovered no particu 
lar advantages. The final choice was 400 
cycles per second. As shown in Fig. 5, this 
was a Compromise between certain advan 
tages of 200 cycles per second and 800 
cycles per second or even higher. 

Another factor in the choice of frequency 
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Fig. 5—Relative influence of frequency on the weight of 
alternating current transformers and induction motors. 


was the operating speed of induction motors. 
In ‘Table IV are shown the synchronous 
speeds for 800, 400, and 200 cycles. 

The practical utilization of these high 
speeds for motors is limited by lubrication 
and mechanical design problems. At present, 
grease lubricated ball bearings cannot be 
considered reliable at speeds above 12,000 
r.p.m. Oil lubricated bearings have been 
successfully used as high as 35,000 r.p.m., 
but the elaborate oiling system is difficult 
to apply on a small motor. Therefore, the 
two-pole 800-cycle motor is impractical; and 
the four-pole $00-cycle motor and the two 
pole 400-cvcle motor are not reliable. As the 
number of poles increase the power factor of 
the motor decreases and this is an undesir 
able trait. ‘Therefore, the final choice of 400 
cvcles is a reasonable compromise since there 
is some Opportunity for improvement in 
motor speeds, while reliable, efficient, and 
quite useful speeds are available today. 

Ihe next factor to be considered in the 
design of a.c. systems is the relation of 
voltage and frequency. ‘There are three 
possible combinations: 


1. Variable frequency and variable voltage, 
Variable frequency and fixed voltage, 


3. Fixed frequency and fixed voltage. 


Variable frequency and variable voltage, 
means that voltage changes in proportion 
to speed and frequency. This combination 
is satisfactory for motors only. The second 
combination of variable frequency and fixed 
voltage is satisfactory for radio, lighting and 
heating devices. The third combination of 
fixed frequency and fixed voltage is satis 
factory for any type of load and the efforts 
have been concentrated on it. 
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Since it is essential that the electric gen 
erators be driven by the main airplane en 
gines and since the electrical system can 
not dictate the operating conditions for the 
main engines, it is necessary to drive the 
alternator through a constant speed coupling 
connected to the engine. The design of a 
suitable constant speed coupling has been 
the greatest single problem in the develop 
ment of the a.c. system. The relative spread 
in engine speed for idling and_ take-off, 
shown in Fig. 6, is common to practically 
all internal combustion reciprocating en 
gines. As the size of the engines increases, 
the spread in cruising speeds increases. 
Since the a.c. system has the greatest bene 
fits in large aircraft it is necessary that the 
coupling function over a speed range of at 
least three to one, as shown. The constant 
speed coupling drives the generator at con- 
stant speed over a range from 35 to 105 
percent engine speed. In other words, 
normal operation is from 40 to 100 percent 
engine speed with a 5 percent margin at 
the low and high speed. If it could func 
tion over a range of six to one it would be 
of still greater benefit, since electrical power 
could be delivered at engine idling speeds. 

The output side of a constant speed drive 





Table 1V¥W—Motor Speeds for 800, 400, 
and 200 Cycles 


R.p.m. at 


= R.p.m. at R.p.m. at 
Poles 800 cycles 400 evcles 200 cvcles 
2 48 000 24,000 12 ,000 
4 24,000 12 ,000 6,000 
6 16,000 § ,000 4,000 
S 12 ,000 6,000 3,000 


Fig. 6—Operating speed for 400-cycle alternators with 
various pole combinations in relation to the drive speed. 


must be designed for the desired alternator 
speed. The possible speeds for 400-cycle 
alternators are 24,000, 12,000, 8,000, 6,00! 
and 4,800 r.p.m. dependent upon the choice 
of poles. The alternator weight will de 
crease as speed is increased. For reasons of 
lubrication and mechanical design the 24, 
000 r.p.m. machine appears to be imprac 
tical at this time. Most efforts have | 
devoted to the 6,000 and 8,000 r.p.m. de 
signs, even though the 12,000 r.p.m. ma 
chine should show advantage over both 
The coupling from engine to alternato1 
in the constant frequency electrical system 
can be mechanical or electrical. In the m 
chanical type of coupling, hydraulic. m 
chanical, electrical, and fluid clutch desig 
are possibilities. A noteworthy electt 
and electronic coupling uses a variable 


cen 


quency alternator the output of whicl 


rectified to d.c. and converted to constant 
frequency a.c. by electronic circuits. This 
method appears promising. 

Ihe mechanical coupling attempts to 
use speed and torque interchangeably in 
order to maintain high efficiency. Most of 
the hydraulic and mechanical drives that 
have been designed operate on a differential 
principle. By this method the power actu 
ally required for the drive is only the differ 
ential power, which is approximately one 
third of the total rating. In hydraulic coup 
lings this differential power is supplied 
a hydraulic pump and motor. In mechanical 
couplings it is done with overriding clutclies 
Electrical equivalents of either of these us 
an electric motor and generator to del 
the differential power. 

The use of the differential principle i 
a hydraulic drive is shown in Fig. 7. In 
this system a variable displacement pump 


Propuct ENGINEERING — JUNE, 1946 








In 


imp 


946 





is used to drive a hydraulic motor and 
supply the difference in speed or torque as 
required by the alternator. As shown in 
Fig. 7(A), from 40 to 66 percent of 
engine speed, the variable element acts as a 
pump; at 66 percent engine speed the coup 
ling merely “floats”; from 66 to 100 per- 
cent engine speed the variable element acts 
as a motor reducing the input torque. In 
tests, the speed regulation of the hydraulic 
differential couplings driving two 30 kw. 
alternators was so accurate that the gener- 
ators divided the electrical load within 
about two percent. In addition, the drive 
was “soft” enough that synchronizing de- 
vices were not needed. It was possible to 
throw the second alternator on the line by 
simply closing the line switch. In Fig. 
7(C), if the integral coupling were separ- 
ated at Z it could be used as a hydraulic 
power coupling but would have to supply 
total, instead of differential, power. Al- 
though this design uses barrel pumps, any 
type of good hydraulic pump would do. 
Because the unit converts large amounts of 
power continuously, efficiency is more im 
portant than any other facter. 

Two types of couplings which at first 
seem to be logical applications are the 
eddy current drive and fluid clutch. The 
objection to drives of this type is that they 
are not variable torque devices, and are 
therefore very inefficient at higher than 
rated speeds. Such couplings must be de- 
signed for the minimum expected operat- 
ing speed of the alternator. Since this 
minimum speed will never be actually used, 
the coupling will be operated at some higher 
speed and the surplus power must be dis- 
sipated as waste. With a 30 kw. alternator, 
a 75 hp. drive is needed; and since the 
operating speed can easily be twice the mini- 
mum it is necessary to waste as much power 
as is used. 

The advisability of using separate drives 
for alternators inevitably rises. This requires 
at least two auxiliary power units to drive two 
alternators. This auxiliary power unit can be 
1 conventional internal combustion engine, 
in internal combustion turbine, or perhaps 
1 steam turbine. However, such a power 
init will be heavier than an engine driven 
ilternator with constant speed drive and 
the power unit will require space within 
the fuselage or wing. Also, it will require 
as Careful maintenance and impose almost 
is many difficulties as that required by the 
main engines. Finally, the fuel economy of 
mall engines cannot compare with that 
of large engines. 

However, future developments in small 
turbines may offset these disadvantages. The 
turbine, due to its high speed, and simple 
construction, should do much to eliminate 
the objections of weight, space, and main- 
tenance. Also, promising developments in 
turbine design may result in fuel consump- 
tion which is competitive with that of larger 
engines. 

The idea of utilizing waste heat from 
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Fig. 7—Many constant speed couplings use only differential power. (A) Typical 
operating chart based on 3000 r.p.m. at take off. (B) Schematic arrangement of a 
typical auxiliary power drive. (C) Schematic of a variable-ratio constant speed 
hydraulic coupling operating on only differential power. 
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the main engine exhaust system to operate 
boiler and turbine has been tested experi 
mentally. ‘This method will operate, but it is 
necessary to use a continuous flow or cir 
culating water system. The design and 
weight of a condenser for such a system has 
been its greatest handicap. 

Design of the a.c. aircraft system has 
resulted in marked reductions in weight and 
size of electrical components. For example, 
a 30 kw. 500-cycle alternator that weighs 
75 Ib. is shown in Fig. 8. This weighs 
approximately 2.5 lb. per kw. and is approxi 
mately 60 percent of the weight of an 
equivalent d.c. machine. Fig. 9 shows the 
potential weight of the alternators at higher 
ratings. 

Relays and circuit breakers for the a.c. 
svstem have weights as low as five percent 
of their commercial equivalent. It is signifi- 
cant that this reduction in size and weight 

not due to the use of 400 cycles, but to 
cficient design. For the first time a cus- 
tomer needed a relay that was small and 
ompact and would still handle considerable 
power. Ingenious design produced it. 

The probable weight of 400-cycle induc 
tion motors for various horsepowers is 

















. . shown by Fig. 10. Careful design avoids 
Fig. 8—A typical 30 kw. 400 cycle low power factor, and both efficiency and 
alternator weighs | 75 pounds or 2.5 " | power factor are comparable to that of the 
Ib. st? kw. This is about three-fifths much larger 60-cycle motors. 

— of an equivalent d.c. gen- 400 Engineering knowledge and_ techniques 
erator. 





that made possible the many highly effi 
cient designs of electrical devices for air 
craft may serve in other fields. In addition 
to much new basic design knowledge, in 
dustry now has several new constant speed 
drives that mav improve automobiles, servo 
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Fig. 9—Relative weight of 400-cycle al- 
ternators ranging from 10 to 2,000 kw. 
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20 | | | | | | mechanisms, and other products 
. : : - a | | | 
Fig. 10—Relative weight of 400-cycle 10 20 40 100 200 400 1000 200 
induction motors up to 200 hp. Alternator rating, kw 
- Dielectric Plastic Film 
IMPROVEMENT of plastic films, such as cellu 
100 lose acetate, for use as capacitor dielectrics 
was made in Germany by loading the films 
with ceramic powder. 
. 40 \ satisfactory, elastic film fort capacitor 
2 
es dielectrics reportedly has been developed b: 
% this company by combining 200 parts of 
& 20 ceramic powder known as “Lutz No. 105 
% vith 100 parts of cellulose triacetate at 
8 temperature of 160 degrees Centrigrade. 
ba " “Lutz No. 105” is composed of 95.9 pe 
& cent rutile, 4 per cent lanthanum oxide 
2 hydrate, and 0.1 per cent of beryllium cat 
4 + +- bonate. It is claimed to have a permittivits Wi 
value of 94 and a power factor of 0.00065. rT 
| | l‘or preparation of film, “Lutz No. 105” ind 
2 1 is prepared in an _ organic suspension idja 
| “Igelit” polyvinyl chloride, manufactured b\ reser 
' | | | | | | FIG.10 the I. G. Farbenindustrie. The finished filn type 
0.1 02 04 1 2 4 10 20 40 100 200 reportedly has a dielectric constant of 1! ind | 
400 cycle induction motor rating, hp. Its softening temperature is about 50 « tion 
90 degrees Centrigrade. re y 
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Felt Wick Lubricating Systems 
For Bearings and Machine Parts 


WM. H. LEHMBERG and E. L. JOHNSON 





Engineering and Research Division, American Felt Company 


Oil absorption and storage capacity, wick rise rate and wick delivery rate of stand- 


ard SAE felts when used in syphon and bottom feed lubrication systems are discussed 


and evaluated. Selection chart gives properties of wick felt with recommended 


| applications. Methods are described for controlling feed rate or fluid delivery. 
I 
th Wick FEED lubricating systems deliver oil wick, absorbent or pad, and top feed. 


ther fluids to friction areas’ of bearings 


5" ind other mechanical parts that are either 
0 idjacent to or remote from the supply 
b teservoir. When correctly designed this 
In type of lubricator performs automatically 
| ind efficiently without failure or interrup- 

ton. Four general types of felt lubricators 

ré used in machinery: Bottom wick, syphon 
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Syphon and pad feed systems are the 
most widely used although bottom wick 
lubricators are generally considered the most 
efficient. Bottom wick lubricators are en 
tirely automatic, require no attention other 
than occasional cleaning, and allow a re- 
turn of the unused oil or fluid to the 
reservoir. In top feed oilers, consisting of a 


reservoir with a wick extending from a bot 
tom outlet, the wick is only a semi-controlled 
obstruction. In all applications, the type of 
lubricating system to be used is that which 
satishes both the design and the operating 
conditions. 

In the selection of the proper wick mate 
rials as much care is required as is exercised 
in the selection of the lubricant. All wick 
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feed lubricating systems require a wick mate 





rial of high absorption capacity. But in 
addition, for uninterrupted and uniform 
service, the properties of controlled porosity, 4 





wick rise rate, delivery, wick density and 





Saybolt Viscosity at 70 Deg. F. 














size, fiber quality and acid neutrality must 1- 92 

also be considered. Acid neutrality is neces- 2- 212 | 
sary to prevent the corrosion of adjacent = Se 
metal parts or the possible cracking of lubri £ 5- 940 | 
cant. A highly cohesive wick material made gs 7 6-1400 
from fibers of medium-to-long length and % 

having a low residual ash content, to mini- a | 
mize glazing or scoring, 1s necessary to pre- £ NN ~— | 
vent fiber disintegration and subsequent 2 \ “= | 


clogging at the lubricating point. 


I\ 
























































Wick Design Data + eN ee F 
Extensive physical and chemical testing 1 
“4 _— co a grades ~~ 4 9 
of felt completely fu the basic re- 
quirements of a satisfactory wick material. et ee | 
Grades found to be suitable are those man ‘ 6 
ufactured in conformance with SAE Stan- 0 0050 0100 0150 0200 0250 0300 0350 0400 0450 0500 0.550 
dard F-1, F-5, F-10, and F-50 material Wick rise rate, in. per min. 
SAE F-1 Wick Felt 


specifications. The wick design data re- 











ported for these felts can be applied to a 


Fig. |—Wick rise rate and wicking distance for SAE F-1| wick felts for six oils. 





Table |—Percent Oil Absorption Capacity of SAE Felts 


Values given are percent weight increase of oil saturated felt as 
determined by measuring the volumetric displacement of oil of 
known gravity at 70 deg. F. 


Viscosity, Saybolt Universal Seconds at 70 deg. F. 








Felt Density 92 212 279 575 940 1,400 
SAE percent Specific Gravity 60°/60° F. 
No. specific gravity 0.845 0.853 0.865 0.890 0.898 0.925 
K-1 34.2 184 170 189 187 187 190 
F-5 26.1 238 225 244 240 241 244 
F-10 18.2 427 450 464 456 476 470 
F-50 34.2 184 170 189 187 187 190 
Table Il—Delivery Rates for SAE F-1 Felt Wicks 
Rates given are c.c. per hr. for 0.1 
sq. in. cross-sectional area of wick. 
Wicking Saybolt Viscosity at 70 Deg. F. 
Distance 
L, in. 92 212 279 575 940 1,400 
Syphon Wicks 
40 6.5 2.6 | es 0.8 0.7 0.4 
30 5.8 2.4 1.4 0.8 0.7 0.4 
20 5.4 BA Be 0.8 0.7 0.2 
10 4.8 2.0 11 0.7 0.7 0.2 
6 4.3 L3 1.0 0.7 0.6 02 
5 3.6 1.8 OY 0.7 0.6 0.1 
4 3.0 1.7 0.9 0.6 0.4 0.1 
3 2% 1.4 0.8 0.6 0.4 0.1 
2 1 4 LJ 0.7 0.5 0.2 
l 0.7 0.7 0.4 0.3 0.1 
Bottom Wicks 
—| z5::6 12.8 8.7 3 2.9 1.8 
—2 10.7 8.2 5.7 2.1 1.3 0.6 
—3 5.6 a A 1.1 0.4 
4 5.0 5.2 2.3 0.4 
—§ Ce 1.6 LI 
—6 1.8 





510 


broad range of materials. But performance 
values cited in this article for the different 
grades are limited to the following recom 
mended types: 





Felt Grade 


Wick Type 


SAE F-1 Round, strip, and punched 

SAE F-5 Strip, washer, and absorbent pad 
SAE F-10 | Absorbent pad and washer 

SAE F-50 | Ball bearing absorbent seals 





ABSORPTION CAPACITY. Satisfactory Wick 


materials must exhibit a high degree of oil 
absorption and storage capacity. SAE F-! 
felt, of controlled density in relation to ab 
sorption capacity for maximum wick ris¢ 
rate, and SAE F-5, F-10, and F-50 com 
pletely satisfy this primary requirement. 
Absorption capacity depends basically on 
felt density. As indicated in Table I, the 
absorption capacity increases in direct im 
verse proportion to density. 


Wick Rise Rate. Wick rise rate of felt 
is defined as the rate of vertical capillary 
rise of a fluid in inches per minute at 4 
specified wicking distance. Both wick ms¢ 
rate, or capillarity, and the distanc 

which oil can be delivered to a remo 
point increase with felt density. 
They also vary in direct inverse proportion 
to fluid viscosity. Figs. 1 to 3 give the 
wick rise rate and the wicking distance 
of three standard wick felt qualities with 
oils of different viscosities. Examination 
of the characteristics of these curves explains 
why it is necessary to specify a felt of equiva 
to SAE F-1 when oil is to be 


friction 


lent density 
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Saybolt Universal seconds at 70 deg. F 
With wicks in direct contact with the 
journal and at all journal speeds between 
100 and 3,600 r.p.m., the delivery rates 
\ were constant when the oil delivered to the 
| \ Saybolt Viscosity at 70 Deg. F. journal was Temoved instantaneously from 
- the journal. To make it useful for estimating 
| 2- 212 the delivery rates for wicks of any area, 
£ 3-279 Table II gives averaged data on a unit basis 
33 " fi re of c.c. of oil per hr. per 0.10 sq. in. of cross 
cs 6-1400 sectional area. Conversions from c.c. to 
| = \ drops of oil can be made by using the rela 
| of \ tion that 1 c.c. equals 30 drops of oil. Ap 
| ¥ et coal ae proximations of delivery rates at operating 
= temperatures other than 70 deg. F. can be 
made by referring to Fig. 4, which gives 
\ ‘ viscosity and temperature relation for oils 
of six different viscosities 
1 N\ = mee / 
\ ExaMPLe. Oil of 575 Saybolt viscosity at 
i 70 deg. F. has a delivery rate of 3.6 c.c. 
| per hr. at a bottom wicking distance of 1 
on 0050 000 0150 0200 0280 0800 0350 O40) 080 SOD 0550 in. (Table IT). At an operating temperature 
Wick rise rete, in. por min. of 100 deg. F. what is the comparative de 
SAE F-5 Wick Felt livery rate for this oil? From Fig. 4, the 
viscosity of this oil is found to be 220 at 
; Fig. 2—Wick rise rate and wicking ditsance for SAE F-5 wick felts for six oils. |)" deg. I’. ‘This, from Fig. 4, is comparable 
sate delivered a considerable distance to a remote 
rent friction point. T T “T 
_ Wick rise rate is not affected by the | | 
direction in which a wick is cut or drilled | | 
__ from felt. The random but uniform dis \ | 
tribution of fiber in the material is largely < 5 \ es ' [— | Saybolt Viscosity ot 70 Deg.F | | 
responsible for this distinctive property of a | | | 1- 9 
felt wicks. Wick rise rate and wicking c 2- 212 
distance are also independent of wick size 7 | | 3-279 
: pad or cross-sectional area. This characteristic pA \ “on i ia + ee 
in relation to selected wick rise rate and = -/ em 
volume absorption capacity makes possible = | 
— the dimensioning of felt wicks to obtain a 2| | 
predetermined feed or oil delivery rate. ' 7 3 T — a eae atid, | 
WICK | 
of oil Wick Detivery Rate. Oil feed or de | | | 
* F-l livery rate of a felt wick is determined by | | | | | 
to ab its absorption capacity in relation to its 0 os 0100 D150 0200 0250 3300 — 0400 0450 — 
k rise wick rise rate and cross-sectional area. Since Wick rise rate, in. per min 
com both wick rise rate and absorption capacity SAE F-10 Wick Felt | 
ment. ire functions of density, fiber quality, blend, . 
? he $06 —_—— * Wea ep — prop Fig. 3—Wick rise rate and wicking distance for SAE F-10 wick felts for six oils. 
a erties must be controlled as they are in 
ct in SAE F-1, F-5, F-10, and F-50 grades for 
optimum performance when used for wick. -— - 

" "he comparative delivery rates for bot- | ~20 an a & 40 50 60 70 | 
sai tom and syphon feed wicks of SAE F-l | JS TLINNTINNNI | 
bl ae quality felt given in Table II apply to oils ae }_ * Viscosity at 70 Deg F. | 
Agee at 70 deg. F. and of rated Saybolt viscosity. | I- % 
ck ye These data have been established from tests _| + ie 
ates : that simulated actual feed lubricating sys- | 4-575 | 
ne) tems. The tests were performed with wicks 5-940 | 
— of different cross-sectional area and the re 6-1400 
a sults indicated that wick delivery rate is 
pve wn directly proportional to area. Delivery rates 
cages were measured by maintaining a constant LILI 
es Wi | jean) 
nination 








‘USEEn 44 NST | Ci} 
feed from a metering burette. 70 80 90 100 110 120 130 140 150 160 170 180 190 200 


reservoir level and computing the rate of ' 





»xplains ae : 
id ve he test observations covered a complete Temperature, deg. F. 
quive ° ° ‘ . 
fe . range of commercial grade lubricating oils 
to | : ae : - c . ° o ° » “ . ° eae 
m with viscosities ranging from 92 to 1,400 Fig. 4—Viscosity-temperature conversion chart for six oils of different viscosities. 
E, 1946 
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0 ou of 212 Saybolt viscosity at 70 deg. 
I’, and from Table II, a delivery rate of 
12.8 c.c. per hr. at an equivalent bottom 
wicking distance of 1 inch. 

When comparing the difference in per- 
formance of bottom and syphon wicks, it 
should be noted that bottom wicks, al- 
though limited in wicking distance to a 
maximum of approximately 6 in., provide 
the greatest delivery within this distance. 
The delivery rate of bottom feed wicks in- 
creases with proximity to the journal or 
friction point, whereas the reverse is true 
of vertical syphon wicks. This is attributed 
to a reversal of inter-fibrillar resistance in 
relation to capillarity and to the effect of 
gravity or capillary hydraulic head 


PHEORETICAL Detivery Rate. The de- 
livery or wick feed rate of any felt quality 
of known density, wick rise rate, and ab- 
sorption capacity can be calculated for any 
fluid of known gravity from a formula de- 
rived from experimental observations and 
test data, in which 

Q = delivery rate, c.c. per hr. 

0.8 = average coefficient of capillarity 

D = density of felt, grams per cu. in. 
percent specific gravity 
1000 


C = absorption*capacity of felt, percent 


xX 16.4 





4 = cross-sectional’area of wick, sq. in. 

R = wick rise rate, in. per min. at specified 
wicking distance 

G = specific gravity of fluid 

60 = conversion from*c.c. per min. to c.c. 

per hr. 

0.8 X 60 DCAR 


O= 
? G 


ExamMpie. A delivery rate of 240 drops per 
hr. is required from a bottom wick oiler 
using an oil of 212 Savbolt viscosity at 70 
deg. F. The specified wicking distance from 
the bottom of the shaft to the oil level of 
the reservoir is 1-4 in. A square wick of 
SAE F-5 density is to be used. 

SOLUTION 

Q = 240/30 ="8.0 


G = 0.853, from Vable | 
26 x 16.4 
dD , , = + 28 
100 
C = 225 percent. from Table I 


R = 0 108 in. per min., from Fig. 2, 
Ihe required cross-sectional area and size 
of a wick of F-5 density and quality will be 


OXG 1 
“ORDXCKXR*O 
8.0 x 0.853 | 
~ 08 xX 428 X 2.25 X 0.108 * 6 


= ( 137 sq. in. 
lhe required wick size is therefore ap 
proximately @ im. square to provide a de- 
livery rate of 240 drops per hr. at a wicking 


distance of 1-4 inches. 


SeLecrion. ‘The selection of the proper 
wick felt quality for any individual ap 
plication is best determined by actual per 
formance testing. Experience indicates that 


certain grades are more suitable for distinct 
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classes of lubrication service, but in general. 

1. If the felt is to be used in a bottom 
or syphon feed wick lubricating system where 
delivery is to a remote friction point, or 
if a round drilled wick is needed, a high 
density standard wick felt quality with max- 
imum wick rise rate and wicking distance is 
recommended. 

2. If the felt is to be used as a saturated 
reservoir within an inclosed bearing or jour- 
nal box, or if it is to be used as an ab 
sorbent pad or strip oiler, a low density 
standard wick felt quality with maximum 
absorption and storage capacity is recom- 
mended. 

Wick felts of SAE F-1 density should 
be selected for all bottom, syphon, and 
round wick applications. Wick felts of SAE 
F-5 density and wick felts of SAE F-10 
density are preferred grades for use in con 
junction with strip, washer, and absorbent 
pad feed oilers. For thin reservoir retainers 
assembled within inclosed bearings, SAF 
F-50 of equivalent density and quality to 
SAE F-1 is preferable because of its ex 
treme fineness. cohesiveness, and dimen 
sional accuracy. The wick felt selection 
chart, Table III, 
wick felt qualities. 


includes recommended 


Appiicarion. The application of felt wicks 
to lubricating svstems is not limited bv 
special precautions or design considerations. 
Selection having been made in accordance 
with the recommendations set forth in 
Table III, the feed rate or fluid delivery 
for any application can be controlled by ad- 
justments of: 

1. Wicking Distance. (A) To increase 
or decrease the fluid feed rate of syphon 
wicks, respectively increase or decrease the 
wicking distance. (B) To increase or de- 
crease the fluid feed rate of bottom wicks, 
respectively decrease or increase the wicking 
distance. 

2. Wick Diameter. To increase or de 
crease the fluid feed rate of svphon, bottom, 





or pad wicks, respectively increase or de 
crease their cross-sectional area or diameter. 

3. Wick Restriction. To retard the fluid 
feed rate of syphon, bottom, or pad wicks, 
restrict the flow by mechanically clamping 
or compressing a section of the wick at a 
point between the reservoir and the delivery 
end of the wick. 


Round or drilled wicks are available in 
diameters ranging from 3/64 to 1 in. Square, 
strip, punched, washer, or pad feed wicks 
can be furnished to meet practical dimen- 
sional and performance tolerances. Before 
installation, all wicks should be presaturated 
with oil of the grade to be used as a lu 
bricant. Wick retainer tubes should be large 
enough not to crowd the wick and excessive 
spring pressure should be avoided on un 
retained contact wicks, because either would 
cause a retardation of the normal delivery of 
the wick and possibly result in surface 
glazing. 

Typical applications of felt wicks with 
fluids other than oil include the use of felt 
as a carrying agent for fluids and impregnants 
such as water, ink, and process fluids in 
automatic printing equipment, numbering 
machines, and postage meters. Felt wicks 
and plugs when saturated with oil and in 
serted into coil springs, such as helical valve 
springs for aircraft engines, lubricate and 
guard vital machine parts against corrosion 
and frictional wear. In addition, felt can 
be impregnated with grease, glycerine, dis 
persions of micronized graphite, tallow, hy 
drogenated and sulphonated oils, silicone 
greases or with different types and hard 
nesses of wax. When so treated, felts pro 
vide an auto-lubricating part for a variety of 
mechanical movements. 

The first cost of felt wicking should not 
be given first consideration. Selection of 
wicking on the basis of performance will 
insure long life, without failure or inter 
ruption, and afford more economical ma 
chine operation at low maintenance cost 





Table IIl—Wick Felt Selection Chart 


Property 


F-1] 
Density. percent specific gravity 34.2 
Tensile strength, lb. per sq. in.| 500 
Thickness, in 0. 125—1.000 


Wick property rating: 
Wicking distance Excellent 
Wick rise rate Excellent 
Absorption capacity Good 
Delivers rate k xcellent 


Recommended Applications: 


SAE Standard 


F 10 F-50 

26.1 18.2 34 2 

400 225 500 
0.125—1.000 0.125—1.000 0 .045—0 09 


Good Fair Excellent 
Good Fair Excellent 
Good Excellent Good 


Excellent Excellent Excellent 


SAE F-1. Round, square, punched, or strip wicks for bottom or syphon wick feed lubricat- 
ing systems and proximate or remote delivery. 
SAE F-2. Square, punched, or strip wicks for bottom or syphon wick feed lubricating 


systems and proximate delivery. 


Also absorbent pad oilers. 


SAE F-10. Absorbent pad wick oilers for maximum storage capacity. 
SAE F-50. Oil retainers for inclosed or sealed ball bearings. 
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Four Methods for the Solution 
Of Simultaneous Linear Equations 


ROBERT H, SCANLAN 


Senior Research Engineer, Republic Aviation Corporation 


MARVIN G. HARRISON 
Mathematics Consultant, Republic Aviation Corporation 





Solution of simultaneous linear equations by methods based on elimination, matrices, a 
tabular technique, and relaxation. Calculation forms are given for the practical computer. 
A brief review of some properties of matrices is included. Operational procedure is 


illustrated with the solution of two sets of equations containing four unknown values. 


t MANY PROBLEMS arise in the engineer physically significant problems known as ible. Since the form of the calculation is 
S ing office that contain as their essence the boundary value problems of differential decisive for the practical computer, consid 
n solution of n linear equations in n_ un- equations, erable attention should be given to it. Asa 
9 knowns. Such problems are encountered in The aim of this discussion is to give general principle, in the operation of solving 
5 the solution of indeterminate structures, forms for th e applied calculation. The use my particular problem unnecessary writing 
Y electrical circuits and the whole class of of a edlcubating machine is assumed avail should be avoided 
re 
id 
yn : : ; 
METHOD BASED ON ELIMINATION Substituting y and z in in the second equation, and m. finally 
in Ae 
gives 
1S " 
ExaMPLE 1. A set of four equations used by Crout will be used as = 0 1593 = 0.1126 
1V ‘ “é ‘i , ° — ns ~ 
an example. (Crout, Prescott D. “A Short Method for Evaluating x = 0.1469 = 0.0608 
ne . ; a 
-d oo r = yl ae This process, though di is routine. It may be made some 
10 or Lompiex Vocmcients, ransactions, Vo ? , what easier by omitting to write down the coefficients that do not 
of 12.1719w + 27.3941x + 1.9827) + 7.37572 = 6.6355 change at each step. 
8.1163w + 23.3385* + 9.8397y + 4. 9474: = 6.1304 
. 3.0706~ + 13.5434x + 15.5973y + 7.51722 = 4.6921 
” 3.058lw~ + 3.1510x + 6.9841y + 13.19842 = 2.5393 
of ' Re ge MATRIX METHOD 
In proceeding with the solution each equation is divided through 
by i i ‘ie iving > fo ing array o ve ficients 
el y its leading coefhicient, giving the following 7 of coefficie he process is simply illustrated |} ry use of the equations of Ex 
and constant terms. Only the coefficients are retained, the unknowns 
na : : 5 ig git fe ample (1). The Matrix A is the matrix of coefficients of the equa 
being omitted since their positions indicate their meaning. The a] “ts is 
)S ae alk taal ve emr per tions of Example (1). As indicated, Matrix A is subjected to a 
constants are kept i > right-hz ‘olumn. re . 7 : . 
stants are kept in the right-hand colum1 series of “row manipulations,” the total result of which is to con- 
l 2.250602 0.162892 0.605961 0.545149 vert it into an Identity Matrix I. Simultaneously the same set of 
9 Q75¢6 41922 QOSA2 7 (hao ° . . : e . o 
_ I 2.875510 1.212338 0.609363 Q.755320 manipulations will be performed on an auxiliary matrix, which is 
4.410669 5.079561 2.448121 —_—«1.528073 gs ge 
] 1.030378 2.283804 4.315882 0.830352 aisO an kK entity matrix. 
he first equation is subtracted from each of the remaining, : 
ee ° Matrix 4 Vlarri 
silted 12.1719 27.3941 +=—«:1.9827 7.3757 | +1 #20 =«20 «OO 
] 2.250602 0.162892 0.605961 0.545149 8.1163 23.3385 9.8397 4.9474 0 l 0 0 
0 0.624908 1.049446 0.003602 0.210171 3.0706 13.5434 15.5973 7.5172 0 0 ] 0 
0 2.160067 4.916669 ~—«*11.842160 0.982924 3.0581 31510 69841 13.1984 0 0 0 4 
9° 0 —1.220224 2.120912 3.709921 0.285203 
Numbers in italics constitute a set of three equations in three Dividing each row by its first element 
t ee 2 ; : ; 
' unknowns. The same technique as just used is then applied to 1 2.250602 0.162892 0.605961 | 0.082156 0 
these. Proceeding in this way, the following is obtained at the 2.875510 1.212338 0.609563 0 0.123209 
t fifth step. £41 sts £.448121 
P 1030378 2.283804 4.315882 | 0 327000 
1 .250602 0.162892 0.605961 0.545149 
0 1 1.679361 0.005764 0.336323 Subtracting the first row from the remaining rows 
icat? 0 0 1 1.419329 0.198926 i 
0 0 0 1 0.060838 1 2.250602 0.162892 0.605961 0.08215¢ 
- = 0 0.624908 1.049446 0.003602 0.082166 dj 
ating Then z = 0.060838 0 2.160067 4.916669 1.842160 | —0.08215: 0 25¢ 
: ’ , ° 20919 8.709991 | —0 ORels5¢ ) $270 
Substituting this value of z in the third equation gives O —1,220824 2.120912 3.709921 | —0.088! 0.3271 
» = 0.198926 — 1.419329 (0.060838) = 0.112577 The numbers in italics represent three by three matrices that are 
a 
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dealt with in the same manner. Proceeding in this way, after five 
steps the following arrays are achieved: 


1 = 2.250602 0.162892 0.605961 | 0.082156 0 0 0 
0 1 1.679361 0.005764 | —0.131469 0.197163 0 0 
0 0 1 1.419329 0.156559 —0.330365 0.252626 0 
0 0 0 1 0.406689 —0.7344962 0.478462 —0.148514 


There has now been obtained a “diagonal” form that has zeros 
below the main diagonal on the left and zeros above it on the right. 
g 
The succeeding manipulations are designed to remove zeros above 
] g 
the diagonal on the right and attain zeros there in the left. 


Subtracting 2.250602 times the second row from the first: 


1 QO —3.616681 0.592989 | 0.378040 —0.443735 0 0 
0 ] 1.679361 0.005764 —0.131469 0.197163 0 0 
0 O 1 1.419329 0.156559 —0.330365 0.252626 0 
0 0 0 1 0.406689  —0.734962 0.478462 —0O.148514 


Subtracting 1.679361 times the third row from the second: 


1 O —3.616681 0.592984 | 0.378040 —0.443735 0 0 
Oo 1 0 — 2.377802 —0.394388 0.751965 —0.424250 0 
0 0 1 1.419329 0.156559 —0.330365 0.252626 0 
0 O 0 1 0.406689 —0.734962 0.478462 —0.148514 


After four such steps the following is obtained: 


1 O 0 0 | 1.384538 2.570015 —1.826125 0.850428 
0 1 0 0 0.572638 —0.995629 0.713438 —0.353137 
0 0 1 0 | —0.420666 0.712788 + —0.426469 0.210790 
0 0 0 l 0.406689 —0.734962 0.478462 0.148514 


The last result on the left is seen to be Matrix I, and it indicates 
that the process is finished. The last result on the right is the de- 
sired matrix. Using the rules of matrix multiplication and multi- 
plying the matrix on the right by the single-columned matrix formed 
by the constants of Example I: 


6.6355 
6.1304 
4.6921 


2.5393 
gives the set of solutions as the final matrix: 


0.15925 
0.14694 
0.11257 
0.06084 


These, to four decimal places, agree with the previous results 
obtained by the method based on elimination. The work of finding 
the desired matrix as outlined can obviously be simplified during 
the actual computation by omitting to rewrite at each step any 
numbers that remain unchanged in that step. 

In reference to the solution just performed on the single-col- 
umned matrix formed by the constants of Example I, a short review 
of the properties of matrices is necessary. Matrices can be mul- 
tiplied together, although order of multiplication affects the result. 
For example, if A and B are matrices, A X B is not equal to B & A 
in general. Matrix multiplication can be illustrated using the special 
case of a 3 by 3 square matrix multiplied on the right by a 3 by 2 
rectangular matrix. Note that the number of columns of the first 
matrix must equal the number of rows of the second matrix, 


ay ay a3 ay "12 M 12 
12) ax og | X | On i ae ‘21 2 
431 T32 133 Dg , 
where 
m= 491 TT 41292, TT 413931 
Cy = Ay A%2 412992 41393: 


and so on. In general 


ss F 
= yk 
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This may be made clearer by recourse to a corresponding numerical 
example: 


1 2 3 1 2 10 5 
4 5 61x13 0} = | 25 14 
7 8 9 1 1 40 23 
where 
0O=1X14+2x3+3xX1 
4=4K%24+5xX0+6X1 


and so on. 

This method is desirable where more than one set of constant 
terms occur alternately on the right of equations and the left side 
meanwhile remains the same. Thus, the different sets of constants 
need only enter the calculation at the last step. In indeterminate 
structure problems, the right-hand sides of the equations usually 
represent functions of the loads alone, while the left-hand sides 
are functions of the structure alone. Thus a structure can be solved 
under several loading conditions with little additional work. 


CROUT'S METHOD 


A method developed by P. D. Crout has been of value in prac- 
tice. The method makes use of matrix notation and terminology, 
but requires no knowledge of matrix or determinant technique. 
It has a single distinct advantage in its use with a computing ma 
chine, that is, it permits continuous machine operations without 
the tentative writing down of intermediate results. The method 
is largely concentrated in the determination of an “‘auxiliary’”’ matrix. 
Considering the coefficients and constant terms of Example (1) 
as the given matrix, the solution requires the formation of one aux- 
iliary matrix and a set of final results from the auxiliary matrix. 

The procedure for obtaining the auxiliary matrix from the given 
matrix is contained in the following rules. 


1. The several numbers, or elements, are determined in the fol- 
lowing order: Elements of first column, then elements of first row 
to right of first column; elements of second column below first row, 
then elements of second row to right of second column; elements 
of third column below second row, then elements of third row to 
right of third column; and so on until all elements are determined. 

The first column is identical with the first column of the 
given matrix. Each element of the first row, except the first, is 
obtained by dividing the corresponding elements of the given mat- 
rix by that first element. 

Each element on or below the principal diagonal (longest 
diagonal, starting at upper left hand corner) is equal to the corre 
sponding element of the given matrix minus the sum of those 
products of elements in its row and corresponding elements in its 
column (in the auxiliary matrix) that contain only previously com- 
puted elements. 

4. Each element to the right of the principal diagonal is given 
by a calculation that differs from Rule 3 only in that there is a 
final division by its diagonal element in the auxiliary matrix 

For convenience, Example (1) will be used again. In the fol- 
lowing typical calculations for the auxiliary matrix, the letters R 
and C represent the words “‘row” and “column,” respectively: 


RIC3 0.16289 = 1.9827 + 12.1719 

R2C2 5.0720 = 23.3385 — 8.1163 K 2.2506 

R4C2) —3.7316 = 3.1510 — 3.0581 X e 2506 

R2C5 0.33632 = (6.1304 — 8.1163 & 0.54515) + 5.0720 

R3C3 3.9585 = 13 5973 — 3.0706 & 0.16289 — 6.6327 X 
1.6793 

R4C3 12.7526 = 6.9841 — 3.0581 *& 0.16289 + 3.7316 X 
1.6793 


R3C4 1.4193 = (7.5172 — 3.070 
0.0057629) + 3.958 
R4C4 —6.7332 = 13.1984 — 3.0581 &K 0.60596 + 
0.0057629 — 12.7526 & 1.4193 
(2.5393 — 3.0581 & 0.54515 + 3. 
0.33632 — 12.7526 * 0.19891) + 


06 X 0.60596 — 6.6327 


in 


R405 0.060806 = 
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I'he completed auxiliary matrix is the 4 by 5 matrix: RELAXATION METHOD 


12.1719 : 2506 0 16289 0 60596 0.54515 This method can be systemized to work rapidly on a set of n 
8.1163 5.0720 1.6793 0 .0057629 0.33632 . . : 5 ‘ 

3.0706 6.6327 3 9585 1.4193 0.19891 equations in n unknowns when the set is characterized by pre- 
3.0581 —3.7316 12.7526 —6.7332 0.060806 dominant diagonal terms. Such sets occur frequently in practice. 


‘The procedure for obtaining the one-column final matrix (solutions ) 


EXAMPLE 2. 
from the auxiliary matrix is contained in the following rules: 








he ' 30.7198 w + 2.1037x 4 ~e 90382 = 6 
1. The elements are determined in the following order: Last, . dia “i 4 Pe he H on A 7 coor. a Re 
next to last, second from last, third from last, and so forth. 0.7653w + 2.1732x% + 6€.5421y + 3.0065: = 247.1113 
2. The last element is equal to the corresponding element in the 1.9187 + 2.5854% + 3.0090y + 70.65312 = 368.7596 
_ a ot the puetiony rs ; The solution consists of developing the following tables. 
3. Each element is equal to the corresponding element of the 
last column of the auxiliary matrix minus the sum of those products Ro R, R, Rs R, Rs 
of elements in its row in the auxiliary matrix and corresponding ele- 61.5197 —15.0160 1.4183 -—0.0784 0.0121  —0.0009 
ments in its column in the final matrix that contain only previously 155.2185 —19.4725 0.6259 —0.1342 0.0116 -—0.0015 
scala Gea 247.1113 —18.1398 1.5403 —0.1398 0.0161 —0.0018 
a ‘ Ae me 368 .7596 —8.1355 2.4550 —0.2124 0.0182 —0.0023 
In forming products only those elements of the auxiliary matrix 
are used that lie to the right of the principal diagonal and to the w x y 
left of the last column. The calculations for the final matrix are 2.0 3.0 4.0 3.0 
—0.50 —0.37 —0.30 —0.11 
R3C1_ ~—s-: 0.11261 = 0.19891 — 1.4193 «K 0.060806 0.046 0.012 0.025 0.035 
R2C1 0.14687 = 0.33632 — 1.6793 X 0.11261 — 0.0057629 x —0.002¢ —0.0026 —0.0023 —0.0030 
0.060806 0.00039 0.00023 0.00027 0.00026 
- RICI 0.15942 = 0.54515 — 2.2506 &K 0.14687 — 0.16289 x —_—_—_—— — — - - 
1 0.11261 — 0.60596 X 0.060806 1.54379 2.63963 3.72297 4.92226 


This procedure has been summarized in tabular form by R. C. The first column in the “R” table is the column of constant 

















































































































' Veit (“A Short Method of Solving Simultaneous Linear Equations,”’ terms in the equations of Example (2). By dividing the R, entries 
it Republic Aviation Corporation) for use on a set of five equations by the corresponding diagonal terms, an approximate set of values 
d in five unknowns. The scheme of operations shown in the chart is found and recorded in the first row of the “w, x, y, z” table. 
- below), which summarizes this technique, can be extended to more Only a rough approximation is required. The values of w, x, y, 
) unknowns or reduced to fewer by application of the rules. and z are then substituted in the left hand side of the equations 
aol he solutions of Example (1), to four decimal places, are seen of Example (2) and the results so obtained are subtracted from 
to be the corresponding R,’s. These results are recorded as R,’s. Using 
a = 0 1594 then the R,’s as new constant terms in place of the R,’s the proc- 
x = 0.1469 ess is repeated. The new values of w, x, y, and z constitute the 
d1- y = 0.1126 second row of the “w, x, y, z” table. The process is continued until 
=f Va 1 ’ : 6a ”» 
yw z = 0 0608 the R’s are as small as desired, then columns in the “w, x, v, z 
wW, These values for terms agree well with the previous results table are summed. The sums are the desired solutions. 
its 
to 
ad. 
he Scheme for Determining Unknowns Scheme for Obtaining Auxiliary Matrix 
; Given Mat Showing Order of Operations 
1S From Completed Auxiliary Matrix ud 
at- v x z B 
G,, Gia Oi; Gis ais b, v =6B,-—z Ais— yAu—xAi—waArs = A 
)|o 
q G21; Qs: G33 Gsqe Gas bd; w = B,—z Ay — y Are — X Aas 
rest 3 (44)—+—— — 4 —— ——fh—- 
rre- Gy, Oi Gs, Ox O45 b, x= B, —zAss—y Ax 6) 6 i aS 25 
ose Gs; O42 Ges One Gas b, Y= B, —Z Aas (7) © — — 
| a a 
its Os; Os: O53 Gsq Ass dg z = 6, ' Pf rf >) a8 
om- ; we 
Auxiliary Matrix 
' = - = a | 
ven A ) Aus Ais Avs Ais B, 
=e = on eee us ne _ Gi _ Ws - b, 
| ~ An ~ Ay ~ Ay ~ Au ~ AY 
fol- [ aed | 
a R A, Aa: Aas Ars Ais B, 
. | 
= a, | = 03,:—Ai3An = O23—Ai3A;2, = G24—AysAz = Q,5—A,sA; - b,—B,A,; 
Aas Aa: Aa: Aaa 
= — a . ——— 
A, As: Aas Ass Ass B, 
—_— a ~B,As, 
- S tentihs te Ge -inhiawtiadis = Qa; aA; 24/432 = Oss sAxi—AisAsa - b,—B,A,,—B,A;,; 
Ass A;s Ais 
17 &X —_ — 
| 
. | A | Aa Aas Aas Aas B, 
16 X | 
<highins=Bigthas—Regh = a 2 
; 1 Ga, | = eee—AreAas |S Ges—ArvAer—Asvhes | Gee—AreAer—AneAce—AscAes| = —tmamteoae Santee Seen o «eatin Sie 
2 x = Aus Aas 
3 1/ x | As As: Ass Asa Ass B, 
, am —B,As,—BsAs:—BsAs,—B,A 
316 x = oh = O52—AyaAs, | = Gs3—Aiz3As,—AasAsa = Asa—AyaAs,;—AzeAs2—AzeAss] = Oss AisAs:—AasAs2—AasAss—AasAsa _ bs s dL i 1 » . 
,.7332) Ass | 
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Product 


Capacitor ... 
Capacitors, Midget 
Cap, Self-Sealing Oil Tube 

Collars, Steel 

Connector, Electric : 
Contact, Self-Cleaning for Mixer Control 
Control, Handle-Grip 

Control, Hydraulic 

Filter Medium, Stainless Steel.. 
Floodlight Reflector 

Holder, Fluorescent Lamp 

indicators , 
Instruments, Drafting 
Material, Structural 
Piston Ring, Gapless 
Plastic, Shock-Resistant 
Potentiometers 
Potentoimeters Linear ....... 
Pump, Twin-Valve 


ES aie oe OFT ROR aE RES PRM TOY Paes ee 
Relay, Power 

Relay, Sensitive Magnetic 
Rivnut, Washer-Type 
Stroboscope, Portable 
Switch, Electric Time 
Switch, Renewable 
Switch, Snap 

Thyratrons, Hydrogen 
Timer, Reset . 

Timer, Universal 
Transmission 

Tube, Amplifier 


Valves, Control 
Valve, Three-Way 
Valve, Transfer 


Vibro-lsolator 


Manufacturer Page 
Aerovox Corporation 519 
Stackpole Carbon Company 520 

..Eynon-Dakin Company 518 
Massey Machine Company........ ‘ 518 
Cannon Electric Development Company 519 
Cinema Engineering Company 517 
Pneumatics, Inc. 520 

..Sperry Products, Inc... 517 
Micro Metallic Company............. 519 

..Wabash Corporation 518 

..Mastercraft Electric Company 518 

..Standard Gage Company 518 
Parva Products Company 521 
.United Aircraft Corporation...... ste 520 

..The Auto-Diesel Piston Ring Company.. 521 

..American Cyanamid Company 520 
.Thomas B. Gibbs & Company. 517 
.The Fairchild Camera & Instruments Corp ..519 

..Candler-Hill Corporation vies ..519 
.Ward Leonard Electric Company 517 
.Potter & Brumfield Sales Company 518 
..Thomas A. Edison Inc. 516 
The B. F. Goodrich Company 521 
Haydon Manufacturing Company 520 
Zenith Electric Company 521 
Robert Hetherington & Sons, Inc. 519 
Arco Electric Company 519 
Sylvania Electric Products 516 
Haydon Manufacturing Company.. . 520 
Gray Laboratory & Manufacturing Co . 521 
Western Manufacturing Company 521 
Sylvania Electric Products, Inc 517 
Hanna Engineering Works 518 
Sumatics 516 
R-S Products Corporation 521 
The Korfund Company, Inc 520 





Hydrogen Thyratrons 


Sylvania Electric Products, Inc., 500 Fifth 


ave:, IN. ¥. 16, N.J 


Industrial and communication ipplications 
ts include switching in capacitor 
shock excitation 
tuned circuits; piezoelectric crystal ex 
citation; use in induction heating circuits to 
replace spark gap heaters; pulse time modu 
lation circuits in which signals are produced 
by modulating the pulse repetition rate; and 
servomechanisms where relatively high a.c. 
supply frequencies are used. Features 
claimed for these hydrogen thyratrons in 
clude low deionization time; rapid switching 
rates; high peak currents; high plate volt 


of these um 
discharge welding circuits, 


ot 
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to operate at zero bias; oper ition Ove! 


trigger requircments; dl 


+ 


wide 


unbient temperature range; low tube voltage 


drop; and reliable, 


mounted in any position 


Three-Way Valve 


Sumatics, Milford, Mich. 
\ solenoid-controlled 
pressed air. 
on 110 volt 60 cycle current. 


travel of the plunger is 7/64 in., 


3-wav valve for 


mip 


ction. ‘The exhaust port is one 


The solenoid draws less than 


ind th 
to eliminate pounding and_ harsh 


flexible operation when 


! 
Phe 


1) <j 
] ipe 





larger than the supply and outlet. ‘Vhe 

can select the setup desired by reversing the 
supply and outlet on the center body- 
making it open to exhaust and closed 
pressure, or open to pressure and closed 
exhaust, 
energized. 


with the solenoid energized o1 
Valve can be 
position. ‘This valve is available in 6 
from 1/4 to 1 1/4 in., to handle oper 
pressures from 0 to 150 pounds. 


Sensitive Magnetic Relay 


Thomas A. 
N. | 


Model 103 relay is for use in the elect: 
and industrial fields where relays aré 
quired for operation on currents of ther 
couple and photocell magnitudes. | 
mechanism is balanced to allow operatio 
my position. The essential design of 
lay is an inversion of the d’Arsonval 
tvpe 
1 that can be conn cith 


Edison, Inc., West Or 


ynetel movement. Iwo col 
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or differentially so that the relay will oper- 
ite on the difference between the currents 
in the two coils. ‘lhe contacts will handle 

3 amp. in a non-inductive load circuit; 
and provide either s.p.s.t. or s.p.d.t. switch- 
ing. Operating power is normally about 10 
microwatts although for some circuit appli 
cations operation may be secured with less 
than | microwatt. ‘The coils will dissipate 2 
watts, allowing differential operation on 
large currents. ‘The construction will with 
stand overloads without damage when used 
as a simple relay. The magnetic system of 
the Edison Sensitive Magnetic Relay is in 
glosed in a highly permeable metal shield 
A) which protects it from stray external 
magnetic fields. Rotor (B) is pivoted in 
spring-loaded jewel bearings and has a small 
Alnico vane (C) at its lower end. At its 
upper end it has a hair-spring (D), a bal 
ance cross with weights (E), and a platinum 
iridum contact arm (F). The magnet vane 
is positioned between two parallel stationary 
coils (G) the magnetic fields of which are 
coincident. The aluminum cover is mounted 
on a standard small seven-pin radio tube 
base. The diameter of the unit is 1-1/4 in., 
its seated height is 2-1/4 in., and its weight 
is 0.15 pound. 


Potentiometers 


Thomas B. Gibbs & Co., Delavan, Wis. 


The Micropot is linear within 1/10 of one 
percent. Resistance is directly proportional 
to shaft rotation over the entire range of a 
20,000 ohm unit to within plus or minus 
20 ohms. Ten full turns on the standard 
1/4 in. shaft drives a sliding contact across 
more than 40 in. of wire-wound resistance 
element. The complete potentiometer is 
2-1/8 in. in diameter and extends 2-1/8 in. 
behind the panel. The metal sliding con 
tact is carried on a nut operating along a 
ground-thread, stainless steel lead screw. 
Connection to this contact is obtained 
through a silver disk and two metal contacts. 
The complete resistance element, with both 
end terminals soldered in place, is molded 
as an integral part of the housing to pre 
vent any loosening or shifting of the turns 
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of resistance wire. Running torque is 
claimed to be less than 1-1/2 in.-oz. at room 
temperature and not greater than 3 -in.-oz. 
between —55 deg. and +70 deg. C. Micro 
pots are available in several resistance values 
from 100 to 100,000 ohms. 


Self-Cleaning Contact for 
Mixer Control 


Cinema Engineering Co., 

dugo Ave., Burbank, Calif. 
Design makes use of a wedge-shaped roller, 
riding on a plastic arm and shaft and is 
claimed to have a brush noise characteristic 
below the noise level of amplifiers and 
measuring equipment normally in use in 
sound laboratories. The signal does not pass 
through the bearing of the roller contact. In 
the Variaten mixer control, current passes 
from the coil to the collector ring directly 


1510 W. Ver 





through the roller. Advantages claimed for 
this type of roller contact are: Longer coil 
life, free operation of the roller brush; self 
cleaning wiping action of the roller as it 
rides between the coil and collector ring; 
quicker and more accurate adjustment for 
precision mixing in both recording and re 
recording for motion picture, radio and tele 
vision equipment. ‘This contact arrangement 
is available with Model Nos. 3182 and 1047, 
which are supplied with a conventional 
“ladder” circuit, any conventional input 
and output impedance, and either of two 
attenuation characteristics. 


Relays 


Ward Leonard Electric Co., Mt. Vernon, 
BF. 


Designed for electronic applications such as 
light contactor duty, control of single phase 
motors and other remote or automatic con- 
trol purposes, these units have contact ar- 
rangements available from one to four poles, 
normally open or normally closed, single or 
double-throw. Operating voltages for direct 
current relays are from 6 to 230 volts and 
for alternating current from 6 to 440 volts. 
Relay contact ratings for d.c. are 25 amp. 
0-24 volts, 3 amp. 25-125 volts, 1 amp. 125- 
230 volts and contact ratings for operation 
on a.c. 60 cycle circuits are 25 amp. 0-250 
volts, 15 amp. 251-440 volts. Standard relay 
features are molded phenolic bases, accessi- 
ble front connected terminals and corrosion 
resistant finishes on all metal parts. All sizes 
of relays have silver to silver contacts. These 
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heavy duty relays are manufactured with 
mechanical interlocks for reversing service 
and with mechanical latches for manual or 


electrical. 


Hydraulic Control 


Sperry Products, Inc., Hoboken, N. J. 


This device retains the advantages of larger 
units in that a single flexible copper tube 
is used, the system is completely inclosed, 
and the installation is accomplished with 
three bolts for each of the two pieces that 
make up the complete unit. The transmitter 
and receiver,. made of bronze, together 
weigh 3.7 Ib. Any motion of the transmitter 





arm will be duplicated by the receiver arm. 
Either arm will move through an arc of 60 
deg. and the receiver arm can be drilled at 
any location to obtain the desired linear 
travel of the actuating rod. The complete 
system is dust-proof and water-proof. Trans 
mitter and receiver can be joined by 35 feet 
of connecting tubing and lengths longer 
than that may be used where conditions of 
temperature and load will permit. 


Amplifier Tube 


Sylvania Electric Products, Inc., Radio 

Tube Div., 500 Fifth Ave., New York 18, 

N. Y. 
A sharp cut-off r-f pentode amplifier de 
signed for 6.3 volt and a.c. or d.c. series 
service. The tube can be operated with full 
plate supply voltage on the screen grid to 
produce high input resistance as a result of 
reduced electron transit time. Identical volt- 
age requirements for plate and screen grid 
also eliminate the need of screen grid filter 
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resistor aud by-pass capacitor in some circuit 
applications. Direct interelectrode capaci 
tances of this type 7AG7 tube, used with 
RMA Standard MS 308 shield 15/16 in. in 
diameter and connected to the cathode are 
Maximum grid to plate, 0.005 micromicro 
farads; input, 7.0) micromicrofarads; and 
output, 6.0 micromicrofarads. ‘Vhe 7AG7 
tube can be operated in any position and is 
supplied in a ‘T-9 bulb with $-pin lock-in 
base. It measures 2 25/32 in. overall and 
has a maximum diameter of 1-3/16 in. Pin 
connections RMA 
8V-L-5. 


conform to basing 


Fluorescent Lamp Holder 


Mastercraft Electric Co., 
Newark 5, N. J. 
The Lasser Sure-Grip lamp holder has a 
contact design that is claimed to provide 
positive contact under conditions of shock 
and vibration. Made to permit easy wiring 


187 Murray St., 





into fixtures, the body is of durable plastic, 
and metal inserts precision stamped for 
uniformity. ‘This lamp holder carries the seal 
of approval of Underwriters’ Laboratories. 


Steel Collars 


Massey Machine Co., 800 Pearl St., 
Watertown, N. Y. 


Hardened and ground steel collars with hol- 
low head set screws made to the following 
tolerances: Inside diameter +0.001—0.000; 
outside dimeter +0.000—0.0002; and 
width +0.000—0.001 and are available in 
32 standard sizes from 1/16 to 2 in. inside 
diameter in steps of 1/16 inch. 


Control Valves 


Hanna Engineering Works, 1765 Elston 

Ave., Chicago 22, Il. 
One type is a packless 1/4 in. capacity valve 
for tubing and light piping applications. It 
is designed for 4-way operation, but may be 
used as a 3 way valve by plugging one port. 
Suitable for air, oil, or water im pressures to 
250 Ib. per sq. in. An 80 deg. handle move 
ment gives complete reversal. Available for 
manifold, column, or panel mounting. Th« 
foot-operated valve is a packless control fo: 
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use in air and oil hydraulic cylinder appli 
cations. It is made in two styles—one, with 
single pedal for constant cycles of oper 
ations; and two, with split pedal that holds 
position until tripped tor reversal. Available 









2 DIRECTION 
SPEED CONTROL 


FOOT OPERATED 


in 3/8, 1/2, 3/4 and 1 in. sizes, it operates 
on 250 lb. per sq. in. air pressure or 1,000 
lb. per sq. in. oil pressure. Control of 
cylinder piston speed in both directions is 
accomplished by the two-direction speed 
control valve. It provides for adjustable 
control of inflow and outflow of air or oil 
independently to and from one side of the 
piston. One valve is used for oil operation 
—two are recommended for air. 


Reflector Floodlight 
Wabash Corp., Brooklyn 31, New York. 


Light has a pure-silver reflector lining her 
metically sealed inside, and its filament 
mounted at the focal point. The light beam 
is moderately concentrated between a 0-60 
deg. zone, and the sealed-in silver lining is 
claimed to keep the bulb at top reflecting 
efficiency throughout its life, with no loss 
of illumination by tarnishing of the reflect 
ing surface. The bulb is 5 in. in diameter 
at its widest point, is 61/2 in. in overall 
length, and can be used in any standard 
socket, swivel tvpe socket, or ceiling  re- 
cessed fixture. Four sizes—100, 150, 200, 
and 300 watts are available. each with an 
werage burning life of one thousand hours. 


Self-Sealing Oil Tube Cap 


Eynon-Dakin Co., 1847 West Bethune 
Ave., Detroit 6, Michigan. 


The cap, available in colors, is made of 
molded synthetic Buna “N.” It is applied to 
the slightly flared end of an oil tube or oil 
line and is permanently fastened by a com- 
bination of mechanical interference fit and 
svnthetic cement. It is properly positioned 





by an internal shoulder that rests on the 
flared end of the tube. Assembly is easily 
provided by a threaded tube end, or by a 
press fit into the bearing housing. Dust and 
dirt are excluded by the tight sealing of th« 
cap when the oil can spout is removed. No 
space is required for oiling beyond clearance 
for the cap. The caps are available for oil 
tube sizes from 1/8 to 1/2 in outside 
diameter. 


Indicators 


Standard Gage Co., Inc., Poughkeepsie, 

a & 
These units have dial markings in decimals 
and are free from whip and waver. The in 
struments are claimed to operate under low 
tension. Mounting dimensions are in a 
cordance with American Gage Design stand 
ards and decimatic models may be used in 
fixtures made to receive AGD indicators 
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The decimatics differ from AGD specifica 
tions in range and in the manner of mark 
ing the dial. The decimatic series of indi 
cators comprises 19 different models with a 
variety of graduation values in both English 
and metric units. 


Power Relay 


Potter & Brumfield Sales Co., Dept. 231, 
549 West Washington Blvd., Chicago 6, 
Ill. 


A double-pole doublethrow power relay 
(Type PR-8) designed for power circuits to 
15 amp. Metal parts are heavily plated for 
resistance to corrosion, all insulation 15 
molded or laminated bakelite, coils are layer 
wound on insulating bobbins and baked vat 
nish impregnated. ‘The contact carriers are 
locked in place and permit heavy contact 
pressure without chatter. “Phe a.c. types are 
copper shaded to prevent hum. A heavy te 
turn spring provides snap action and the ail 
operates on + volt-amperes or approxim tel 
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3 watts. Coils will not heat on continuous 
duty. Silver contact points 5/16 in. in 
diameter and at 110 volts a.c. are rated at 15 
ainp. non-inductive load. 


Twin-Valve Pump 


Candler-Hill Corp., Detroit, Mich. 


Pump is claimed to deliver a constant flow 
of fuel at constant pressure and volume. 
Working on a common guide pin, the dual 
valves balance each other and this equal bal 


. 


Ute 


y 





ance between the machined areas of thc 
two valves is claimed to be superior to the 
“single valve vs. fabric diaphragm’’ inethod 
of balancing out inlet suction and pressure 
conditions. ‘The valve is manufactured in 
two models with respective capacities of $30 
and 1,600 gal. per hr. at 2,500 revolutions 
per minute. 


Linear Potentiometers 


lhe Fairchild Camera and Instrument 

Corp., Jamaica, N. Y. 
Wire-wound linear potentiometers, with ac 
curacies of 0.05 percent claimed in the 
largest, 5-in. diameter size, and 0.15 percent 
in the smallest, 2-in. size. The life of these 
models is claimed to be greater than 1,000, 
WU0 cycles of operation while retaining in 
itial accuracies. The torque is claimed to be 
less than 1 in.-oz. The electrical angle of 
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rotation is from 352 to 357 deg. leaving a 
maximum unwound sector of 8 deg. in the 
smallest size and an unwound sector of 3 
deg. where the maximum wound length is 
required. 


Snap Switch 


Arco Electric Co., 1310-Superior Ave., 
Cleveland 14, Ohio. 
‘The Model M switch has its operating blade, 
center blade and rolling spring made of a 
heat-treated beryllium copper. Overall di 
mensions are approximately 1 13/32x 
1 1/64x 5/16 in. Standard operating pres- 





sure is 6 to 10 oz. Rated at 15 amp. 125 
volts a.c. and 1/3 h.p. 110 a.c. and fur 
nished for single-pole, normally open, norm 
ally closed and double-throw circuits. 


Renewable Switch 


Robert Hetherington & Son, Inc., Sharon 

Fill, Pa. 
This switch can be used in a single-hole 
mounting and has two flat studs protruding 
from the back. Lugs are frequently at 
tached to these. When the switch is used 
as a renewable type, the studs slide down 
between two contact bars in the back part 
of the cradle. ‘The front part of the switch 
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slides down through a slot in the front part 
of the cradle. The cradle itself is attached 
to any flat surface by countersunk screws, 
and measures an inch long and _three- 
quarters of an inch high. At present only 
single-pole single-throw switches, either 
normally open or normally closed, can be 
furnished in this renewable type. 


Stainless Steel Filter Medium 


Micro Metallic Company, 99-16 Metro 
politan Ave., Forest Hills, N. Y. 


Filters made from alloyed stainless steel 
powder, the particles of which are welded 
together at the points of contact into a 
porous body, which in the form of thin 
sheets can be bent about a small radius. It 
is claimed it can be used as the filter 
medium or porous element in nearly all 
types of apparatus. ‘he average pore open 
ings regularly supplied range from 4 to 165 
microns (0.00015 to 0.0065 in. 


Capacitor 


, New Bedford, Mass 

lhe Acrovox Series 1690 molded-in-bakelite 
mica capacitor untilizes rounded surfaces to 
climinate corona loss; the use of fine threads 
on the terminal studs for maximum con 
tact; silver plating for all conducting mem- 
bers to minimize skin resistance; and a body 
of XM or yellow low-loss bakelite. The mica 
stack is designed for a straight-line path for 
the ultra-high-frequency current. Body di- 


> 2 


mensions are 2-3/8x2-3/16x1-3/8 in. and 


Aerovox Corp 





measures 4-3/4 in. overall between rounded 
terminal tips. Units are available in ratings 
to 20,000 d.c. test or 10,000 volts operating, 
and in capacitance values to 0.001 mfd. at 
the highest voltage rating 


Electric Connector 


Cannon Electric Development Co., 3209 
Humboldt St., Los Angeles 31, Calif. 
A multi-contact electric connector, type 
“XL,” measuring 23/32 in. in overall 
length with a max diameter of 5/8 in. The 
two plug types weigh 0.0792 and 0.0992 Ib. 
respectively. Removable inserts with tapped 
metal armor for insert retaining screw, and 
cable relief spring or removable cable clamp 
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are supplied. Contact No. 1 engages before 
Nos. 2 and 3 for ground circuits, if desired. 
A diecast zinc shell with cadmium plate fin- 
ish, and three 15-amp. silver-plated brass 
contacts in phenolic insert to accommodate 
No. 14 B&S stranded wire are furnished. 


Handle-Grip Control 
Pneumatics, Inc., Plymouth, Ind. 


This 4 in., 4-way control valve measures 5 
in., x 4 in. x 3 in. and has unrestricted ports. 
In addition to the handle-grip control, it is 
available with cam, palm, foot, pilot, and 
solenoid actuation. 





Structural Material 


Chance Vought Aircraft Div. 
Aircraft Corp., Stratford, Conn. 


Metalite is a metal-faced sandwich material 
with a light-weight core to separate and 
stabilize the metal faces. It consists of thin 
sheets of high strength aluminum alloy, 
separated by a thick, low density core of 
balsa wood and bonded together to form a 
single, light, and rigid unit. The grain di 
rection of the balsa core is set perpendicular 


United 
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to the metal faces. A core material of greater 
density than balsa can be used in spots 
where greater strength is desired. The core 
is relatively thick in comparison to the face 
plates. 


Midget Capacitors 


Stackpole Carbon Co., St. Marys, Pa. 
GA midget capacitors claimed to have ad 
vantages of greater stability, better insula 
tion resistance and higher breakdown volt- 
age. Molded with leads anchored and 
tinned for soldering, they eliminate the in- 
ductive characteristic common to twisted 
wires. They are designed for purposes of 
neutralization; capacity coupling in an- 
tenna, r-f and i-f coils; feedback, r-f by-pass; 
injection of r-f and audio voltages. Stand- 
ard capacities include 0.68; 1.0; 1.5; 2.2; 
3.3. and 4.7 micro-microfarads. Standard 
tolerance is +20 percent. 


Portable Stroboscope 


Communication Measurements  Labora- 
tory, 120 Greenwich St., New York 6, 
N.Y. 


Model 1210 uses a self-blocking oscillator. 
Rotary or vibratory motion can be “stopped” 
when the moving object is examined with 
stroboscopic light source. The speed covered 
is from 600 to 48,000 r.p.m. (10-800 cycles 
per second), in 4 ranges. A synchronized 
reed is provided for accurate calibration 
against the line frequency. All 4 scales can 
be calibrated within +3 percent. The light 
source is contained in a probe attached to a 





four-foot flexible cable which is stored in 
the cabinet when the stroboscope is not in 
use. The unit weighs 191/2 Ib. and its 
housing measures 19-1/2 x 5-3/8 x 10-1/2 
inches. 


Reset Timer 


Haydon Mtg. Co., Forestville, Coun 


Unit has either 1/10, 1, or + r.p.m. motors 
giving a range of delay from 1 second to ten 
minutes. The overall size, including gradua 
tion dial and adjustable knob is 3-3/8 x 2-7/8 
x 2-7/8 in. Motor has a magnetically con- 
trolled clutch that automatically engages the 
gear train when energized and disengages 





when de-energized. When the current is 
turned off, the drive shaft returns to its 
starting position by spring action. The 
motor is furnished with one-way friction to 
absorb the shock to the gear train at the 
end of the return travel. ‘The timer switch, 
normally opened or closed, is rated at 10 
amp., 125 volts. 


Shock Resistant Plastic 


American Cyanamid Co., 30 Rockefeller 

Plaza, New York, N. Y. 
Melmac 3020 compound is a rag-filled 
inelamine-formaldehyde molding material 
and is claimed to be the first thermosetting, 
shock resistant plastic available in color. 
Originally designed to combine strength 
with electrical and chemical resistance prop- 
erties, this material was supplied in black, 
and in a mottled white. With color added, 
this industrial plastic is available for ship 
ment. 


Vibro-lsolator 


The Korfund Co., Inc., 48-15 32nd 
Place, Long Island City 1, N. Y. 


Type LK, a simplified steel spring vibration 
isolating unit, is designed in 26 sizes for 
rated loads of 75-12,000 Ib. Adjustable 
chocks in the four corners of the housing act 
as stabilizers. Properly installed and ad 
justed, Type LK provides vibration control 
for impact machinery, stationary and marine 
diesel engines, generators, panel boards, ma 
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terial testing and processing equipment, ven 
tilating and air conditioning equipment, re 
cording apparatus, business machines, and 
other industrial equipment 


Universal Timer 


Gray Laboratory and Mfg. Co., +3 W. 
Apple St., Dayton 2, Olio 


Vhis unit has an 8 in. aluminum dial with 
second and minute hands and is inclosed 
in a baked-on enamel case that measures 
84 in. square by 2§ in. deep. It operates 
on 110 volts, 60 cycle current and func 
tions to a maximum load of 750 watts. 
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Drafting Instruments 


Parva Products Co., West Haven, Conn. 


Drawing and measuring instruments of trans 

parent yellow Tenite molded in two parts. 
It comprises a combination square and re 

movable miter arm, and is designed to per 

form eight different operations: Square, di 

viders, protractor, triangle, ruler, French 
irve. and miter. 





Transmission 
Western Mtg. Co., 3400) Scotten Ave., 
Detroit 10, Mich 


The case is provided with four bosses, 
drilled and tapped, so the transmission can 


be secured to a plate or flat portion of the 


machine on which it is to be mounted. 
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Vhis unit has 5 h.p. capacity with input 
speed of 900 r.p.m. Four gear changes are 
available through one automotive-type shift 
lever. Ratios are 1:1; 2:1; 3:1 and 4:1. 
Gears and shafts are of alloy steel, heat 
treated. Gears are lapped. Revolving shafts 
are mounted on anti-friction bearings and 
case is oil sealed. 


Gapless Piston Ring 


I'he Auto-Diesel Piston Ring Co., 3272 
Superior Ave., Cleveland 14, Ohio 


Ring consists of two identical parts that 
interlock when assembled and form a ring 
without a gap. ‘The Auto Diesel Helicam 
gapless piston ring is adapted for carrying oi 
within itself, and it can also be used as an 


oil ring while retaining. its expanding fea 
tures. ‘The illustration shows the ring sem 
assembled. 





Washer-Type Rivnut 
The B. F. Goodrich Co., Akron, Ohio 


\ washer head Rivnut, a one-piece in 
ternally threaded and counterbored tubulai 
cadmium plated steel rivet that can be upsct 
or headed from one. side \t present fin 
nished only in No. 6-32 thread for fastening 
1/4+ in plywood to 1,16 in. steel sections 
1 
i] 


It is claimed it will not vibrate loose; 1s 








easier to install than either wood or self 
tapping screws; is useful as a nut plate for 
fastening interior trims; fits flush with ply 
wood and will not pull through plywood. 


Transfer Valve 
R-S Products Corp., Philadelphia 44, Pa 


\ single vane, quick-operating control valve, 
designed to transfer chemicals, oil, paper 
pulp, sewage, water and other matenals 


from one line to another at 125 Ib. per 
sq. in. It can be manually or automatically 























operated. Equipped with adjustable stop 
screws and indicator to determine vane po 
sition. Can be fabricated from all types of 


metals in sizes from 4 to 72 inches. 














Electric Time Switch 


Zenith Electric Co., 152 W’. Walton St., 
Chicago 10, IIl. 
Program ‘Time Switch, Type PR-24, oper 
ates automatically to periods of five minutes 
throughout twenty-four hours, or any part 











thereof. It repeats daily, requiring no at 
tention other than the setting. The unit is 


inclosed in a steel case 8 x 12 x 4 inches. 
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Electronic Equipment and 
Accessories 


R. C. Warxer, 393 pages, 343 illustrations, 
15 chapters 83x6 in., red clothboard covers. 
Published by Chemical Publishing Co., Inc., 
26 Court Street, Brooklyn 2, N. Y. Price $6. 


or practical engineers, mechanics, stu 
dents, and others who have rudimentary 
knowledge of electricity and magnetism and 
wish to learn to use electronic equipment 
and accessories. 

‘Typical chapters include: Fudamentals of 
thermionic valves, methods of amplification, 
light sensitive devices and their use, relays, 
small switchgear, and miscellaneous acces 
sories for use in electronic circuits. 


Porcelain Enameling Reference 
Manual 


Prepared and published by the Pemco Corp., 
Baltimore, Md. 12 in. x 12 in. black leather 
3.ring loose-leaf cover. Price $5.00. 


The purpose of the manual is to correlate 
the essential knowledge of porcelain enamel 
ing plant control in relation to the import 
ance of cost reduction and to bring about 
the correction of enameling shop problems 
and simplification of purchasing. The man- 
ual contains nine main index sections com 
prising enameling specifications and Porcelain 
lnamel Institute booklets on various enamel- 
ing tests. Seven complete sets of plant and 
laboratory control and layout charts are 
likewise included. Additional material will 
be supplied for inclusion by the Pemco 
Corp. at various times in order to keep the 
manual up to date. 


Marine Engineers’ Handbook 


J. M. LaBBperton AND Lioner S. Marks. 
1450 pages, 44in.x 7 in., maroon semi- 
flexible covers. Published by McGraw-Hill 
Book Co., Inc., New York, N.Y. 
$7.50. 


Price 


A new edition of Sterling’s Marine Engi 
neers’ Handbook, brought up to date and 
almost completely rewntten, containing in 
formation for the designer of marine equip- 
ment. Included are enginecring fundamen 
tals, charts, tables, formulas, descriptions, 
design data, methods and construction de 
tails of marine power generation, hulls and 
propulsion, heating, ventilating, pumps, and 
electrical engineering. 


Electrons In Action 


James SToKLey, 320 pages, 54x $4 in., black 
clothboard covers. Published by McGraw- 
Hill Book Co., 330 W. 42nd St., New 
York 18, N. Y. Price $3. 

Clearly written, non-technical, interpreta- 
tive story of the electron, telling what elec 
trons are, where they come from, and how 
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they are used. Diagrams, similes, and ex- 
amples are used generously. 

The seventeen chapters include an ex- 
planation and discussion of frequency modu 
lation, television, cosmic electronics, radar, 
loran, and the atomic bomb. Other chap 
ters deal with the part electronics plays in 
industry, electronic recording of sound, the 
computer, the X rays, the betatron, the 
electron microscope, and the various applica 
tions of electronics to medical instruments, 
such as the metal locator, the inductotherm, 
and the electroencephalogram. 


A Treatise on Milling and 
Milling Machines 


Prepared and published by the Cincinnati 
Milling Machine Co., Cincinnati 9, Ohio. 
6 in. x 9 in. brown paperboard covers, 183 
pages. Volume I of a proposed series. Price 


$1.00. 


A general text on the construction and 
operation of milling machines as well as the 
cutting tools used for performing milling 
operations. ‘Typical milling examples, illus- 
trating equipment installed in manufac 
turing plants, are used to describe proper 
fixture and work chucking devices, and the 
most economical cycles of operation. In- 
cluded are sections on milling, cutting mate 
rials, cutter body materials, and detailed 
information on the sharpening and care of 
mulling cutters. 


High Vacuum Technique 


J. Yarwoop 140 pages, 6x9} in., black 
clothboard covers. Published by John Wiley 
é Sons, 440 4th Ave., New York 16, 
N.Y. Price $2.75. 

This is the second edition of the book, 
which presents the theory, practice and in 
dustrial application of high vacuum. tech- 
niques. It describes the production and 
measurement of high vacua and explains 
the physical bases of the methods adopted. 

The revised edition includes new sections 
on the performance of vacuum pumps, the 
construction of vacuum systems, extra meth 
ods of measuring low pressures and pumping 
speed. ‘Twenty-six new diagrams appear in 
this edition. 


Electron Optics and the 
Electron Microscope 


V. K. Zworykin, G. A. Morton, EF. G. 
RaMBERG, J. HintieR AND A. W. VANCE. 
766 pages, 54x84 in., black clothboard cov 
ers. Published by John Wiley & Sons, 440 
4th Ave., New York 16, N.Y. Price $10. 


Electron microscopy has developed, within 
the past ten vears, from a subject of purely 
academic interest into one of great prac 
tical importance. Recognizing this, the 
authors wrote this book to meet the need 
for a comprehensive discussion of the 
modern electron microscope. 

The book is divided into two parts: Part 
I includes a description of the various types 
of microscopes, a non-mathematical discus 
sion of electron optical theories on which 
the electron microscope is based, and a prac- 


tical guide for the effective operation of 
the microscope. Part II presents a survey 
of theoretical electron optics, employing 
mathematics in a methodical development 
of the subject. 


Elements of Ammunition 


Tueopore C. Onart. 412 pages, 6x94 in., 
red clothboard covers. Published by John 
Wiley & Sons, 440 4th Ave., New York 16, 
N. Y. Price $6. 

The author, a major in the Army Ord 
nance Department, wrote this book to train 
inexperienced personnel in ammunition de 
sign. The book describes the design, con 
struction and uses of all types of ammuni- 
tion, including the main categories of small 
arms artillery, aircraft and rocket ammuni 
tion. Such items as the bazooka, beach 
barrage rockets, long range artillery, block 
busters, fire bombs, pistol and rifle ammuni 
tion, chemical warfare ammunition, photo 
flash bombs and the newer explosives are 
fully discussed. 


Testing Plastics Parts 


Prepared and published by the Society of 
the Plastics Industry, 295 Madison Ave., 
New York, N.Y. Fourth chapter of the 
technical handbook being developed by the 
Engineering and Technical Committee of 


S.P.1. Price $1.00. 


This chapter relates primarily to tests 
which are given various finished articles to 
ascertain their ability to stand up under 
consumer usage. Among the tests de 
scribed in the chapter are: Impact tests to 
determine the strength and resistance to 
shocks of various products; moisture resist 
ance tests; means for ascertaining dimen 
sional stability; heat resistance; 
tests and others. 


crushing 


Applied Energy Conversion 


BERNHARDT, G. A. Skrorzki AND WILLIAM 
\. Vopat, 509 pages, 53x84 in. Clothboard 
covers. Published by McGraw-Hill Book 
Co., 330 West 42nd St., New York 15, 
N.Y. Price $5. 


\ textbook in power plant engineering 
that is intended for a background cours 
in the power field. The text is divided 
into what may briefly be designated as 
equipment and economic sections. The 
first part explains the functions and operat 
ing principles of the major equipment used 
commercially in the conversion of energy, 
with a concise consideration of its per 
formance characteristics. The evolution of 
an operating central station from a combi 
nation of power plant equipment, Diesel 
and gas-engine plants, and special develop 
ments in steam and power are treated in 
subsequent chapters. 

Basic concepts of economics applicable 
to power are treated in the second section, 
which comprises about the last third of the 
text. Load curves, capacity scheduling, selec 
tion of unit sizes, increment fuel cost, 
energy rates and rate design are among thie 
items covered. 
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Nomograms of Chords of Holes in Bolt Circles 


LOUIS DODGE 





















| 
[HE ACCOMPANYING nomographic charts are used to determine the R the radius of the bolt circle in inches 
l chords of holes in bolt circles when designing pipe flanges, shaft C = the chordal distance in inches 
: couplings, and similar work entailing the circular spacing of holes ; in 
TI P “ea loa ual + t +h : lati ae © os Chart I is for bolt circles from 1 to 7 in. radius and Chart I 
a ge A a ee a . 
| 1e charts give a graphical solution to the relationship. ic for cadll Geom 6 & 8 ie. 
F - 180° \n example is solved on Chart II (see dashed lines 
: C = 2 R sin - . where, I 
N the number of holes in the bolt circle Continued on next page 
yf + 3 
e 
1e | 
yt 
ts ~“—_ 
to ae 
eI Be \ 
le = 
to ; “a 
to 2 al 
st “a 
n “a 
ng "a 
a A 
3 —— 
ANI cal 
rd aad 
yok a 
18, = 
. = C= 2Rx Sine 180 " 
= . N 
ing — 4 
iN Y 
ded 4 — 4+. § 
rhe -4 R 
rat = 
wt a CHART I 
IgV, — 
pet — 
1 of — 
nbi ,— -_ ¢ 
iesel ~~ 
‘lop — 
1 in —4 
sal le as 
ton 4 +7 
tl 4 
elec 6 casi 1 
cost, 
y the 
> 
int 
1946 Propucr ENGINEERING — JuNE, 1946 523 





ca) 


Nomograms of Chords 
Of Holes in Bolt Circles 
(continued) 
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Exarnple: 
lf N=8; R=/2in. 
Chordal distance=9./8in. 
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